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though it is fupported by- divine authority, 
and confirmed by all the aflurances that 
human teftimony can afford, or the rational 
mind require. : a : oe 
Alarmed at what T faw, and what I read, 
it appeared to me of the utmoft importance to 
contrive means effeétually to repel notions fa’ 
pernicious to mankind, and fo repugnant. to 
truth, I cbnceived that the belt method of 
deteating their deftruétive purpofes, and de- 
priving them of their baneful influence, would 
be by fhewing that they were neither friends to 
- philofophy, nor had any right to the title of 
philofophers ; that this end would be anfwer- 
ed by exhiliting a fyflem of plulctophy, which 
fhould point out their- errors. and fhew that 
no operation in nature would authorize the 
conclufions that they. had attemptedto deduce; 
that phifics, properly underflood, would ever 
go hand in hand wih religion, and all it's 
branclies*converge in Gop, the center of all 
truth, the fource of al} perfection. . 
With thefe views, 1 began to co'le& 
materials for fuch a work, But on my return 
to England the tenets of thefe men and sheir 
practices being removed from my view, I .id 
afide the defign, nor did I think ef refun ng- 
it, ull I faw the attempts that oe made heré 
to propagate the fame principl¢s by the fame 
means , ull | faw a philofophical fociety.oub- 
lifhing tracts holiile to good order, and we peft 
interells of mankind; till I had reafoi: “to - 
think that men were fenjioned by” republicans, 
and brought forward in various fituations to 
: > give 
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‘ fophy affords no fupport to the wretched 
fyftem of materialifm, but concurs -with re- 
~ ligion in endeavouring to enlighten the mind, 
to comfort the heart, to eflablith the welfare 
offociety, and promote the LovE OF ORDER. 
I wifhed fo to execute this work, that 
while on the one hand it inftru@ed thofe who 
know nothing of thefe delightful f{ciences, it 
might onthe other not be ufelefs to thofe who 
are more converfant in them, by prefenting 
the fubje&t in a point of view in which it has 
been feldom noticed by other authors, and 
treating of fome branches that have been alto- 
gether negletied by the writers on natural 
-philofophy. Whether I have been fo happy 
as to fucceed in my defigns; whether I have 
been able to place hee fubjeéts in a clear and 
lain light, and thus open a wider gate to the 
bir field of knowledge, muft be left to the 
decifion of an intelligent public. ee 
For my own part I can fay, thar] have 
endeavoured by every labour of inquiry, and 
induftry of refearch, by arrangement’ and me- 
‘thod, to convey in a clear and con{picuous 


» . manner a general knowledge of the Qupen? 


dous operations that are carrying on in nature: 

~The fubjeét is indeed fometimes- varied by” 
digreflion, and the reader is ngw and then’ 
carried back: into ancient days; but this is 

never done but with a view of conveying fur- . 
sher inftrution, or rendering the fubjeé&t more 

obvious, Some repetitions will alfo be found,’ 
but feldom except where a clearer explanation 
1 : sais, 2 occurred, 
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occurred, or a further application is pur- 
fued. : ‘vo a 
If any juflification be necefflary for treat~ 

ing of divine matters in phyfical books, it 
may be vindicated by the examples of the firft 
and wifeft men the world ever produced: 
among thefe our great Newton,* who held it 
proper to treat of God and his attributes m 
natural philofophy. “ And every wife and 
good man muft wifh to fee the relation be- 
tween divinity and philofophy farther opened 
‘and better eftablifhed.” : 8 
_ AsI do not with to incur the charge of 
plagiarifm, with pleafure’I acknowledge the 
~ Affiftance I have received from different authors. 
‘As I have ufed an unreferved freedom in fele&t= 
ing from their works whatever would anfwer 
my purpofe, I have fubjoined. a lift of the 
principal fources of my own knowledge: 
To the Rev. Mr. William Fones, F. R.S. Iam 
_ particularly indebted ; his capacious mind and 
, adtive powers grafp with no common energy 
every branch of fcience; and there are few 
that he has not enriched by novelty of obferva- 
tion, or illuftrated by perfpicuity of manner. 
To Mr. de Luc, F. R.S. Sc. Lam alfo under 
“sreat obligations; lfis works have been long 
Fawn and Lighly efteemed, and will continue 
fo as long as found reafoning and phyfical logic 
have any claims to: the attention of mankind. 


* Et hac de Deo; de quo utique ex phecnomenis differ- 
ere, ad philofophiam experimentatem pertinet. Newt. Prin, 
Bchol, Gener. tate 
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If my health permits, at fome future (and 
diftant) period, I mean to prefent my country- 
men with an abridgment of his works, par- 
. ticularly thofe parts which have relation’ to the 
fyflem of Mr. le Sage. hefe gentlemen as 
authors are not the only perfons to whom I 
am indelied; I owe many obligations to my 
friend the Rev. Mr. Agutter, M. A. for fome 
valuable communications,. and much kind 
afliftance. . 

Confcious that my {Intentions have been 
fincere, to advance {cience, to promote truth, 
happinels, order, and peace; I_ may expett 
fome approbation from thofe I wifh to inftruét, 
and may hope for fome. indulgence from 
-thofe who are peculiarly conyerfant in thefe 
fubjefts. The wifer men are, the more can- 
did they become, and the lefs apology will 
they require for my imperfeétions or over: 
fights as a. writer and philofopher. I may 
not have enjoyed thofe advantages of edu- 
cation which others poflefs.; I could not pof- 
fibly repeat ‘every experiment whieh is here 
noted. During the compofition of thefe Lec. 
tures I have had to attend to the grateful 
calls of daily bufinels, and, have flruggled 
>. with much weaknefs andganguor. The ideas. 
of mental” perfeétion are feldo , if ever rea- 
lized.’ The author is often the firlf'to obferve 
how much is deficient. I do not pretend 
to be indifferent to the judgment or the 
approbation of the public regarding a work 
which has coft me much thought, time, and 

2 exynence 
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expence. I think I may ‘fafely recommend 
it othe youth of both fexes, particularly to 
thofe who are delighted and improved with the 
Refiettions of Sturm: they will here find, that 
the fame fubje@s are in a great meafure conti- 
nued and enlarged, but I truft with this ad- 
vantage, that they are placed on their phi- 
lofophical and mathematical foundation, are. 
conneéied with other parts of the univerfal 
iviem, are arranged in general and perlpi- 
Cuous ‘order, and may be’ conducive. to fur- 
ther difeoveries, and more . accurate invelti- 
gations of nature. ; ae : 
To render this work niore ufeful, I have’ 
added a copious index, -and. references: to 
the figures of the plates. The references to” 
the figures of Vol. 1 and 2, are at the end 
of their’ refpeftive volumes. The references 
jor Vol, 3 and 4, are at the end of the qth: 
volume, The index and plates conftitute a 
fifth volume. 





ERRATA. 


VOL. I. 


Page 19, line 21, after equal, infert in volume. P. 15, L24, 
for (I) read (d}.  P. 18, lg, for hail read rain, P. 97, 1. 28, 
for pl. g read pl. 4. P. 232, 1.10, for bliftord read bliftered, 
P, 365, 1. 32, dele from Therefore, to depend. P. 381, |. 32, for 


ig, read im 


‘ 


VOL, TI. > 

P. 13, 1. 20, read of the new ; in the fame line read emiffion of 
the. P. 60, 1. 16, for leads read lead. P. 72, 1. 3, for filled 
read fitted, P. 75, 1. 1, for pilton read frition, P. 76, 1. 18, 
for condenfion read condeniation, P. 100, 1. 3, for lending, - 
read lends. P.149, 1.2, dele is,. P. 180, 1. iy fig. 12, pl. 2, 
read fig. 2, pl. 2.  P.1945 1.8, for fig.15 read fig. 15*. P. 206, 
1. 12, for foint, read joint. P. 286, 1.18, for fig. 1 read fig. 105 
pl.g. P.390, l.15, for fig. 11 read fig. 14, pl. 7. P. 485, 1. 6, 
Sor fig. 13, pl. 6, read fig. 13*, pl.6.  P. g0g, 1. 20, after dia- 
gram infert fig. 16, pl. 7. ; 


VOL, NIL i 

P, G2, 1.24, for he read the. P.177, for fig. 92, read fig. gy 

Fe 2. P. 281, by fome miftake the figure here referred to has not 

m enzraved ; the fubjedt is fo clear, that it will not be of material 

confequence, P. 293, for fig. 4, pl. 5, read fig. 4, pl.g. P. 3195 

for fig. 2, pl. 6, read fig. 3, pl. 5. P. 449, 1. 4, for g® read 49. 
P. 502, 1.7, infert fig.g, pl. 3. 


: VOL, Iv. 
P. 46, 1.17, for miles read minutes, 
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Dr. Betlecombe, New Bridge Street. 
Brailsford, Efq. Kentiyb Toon. 
Mr. William Butler, Earl of Derby’s, Grofvenar Square. 
Robert Barclay, Efq. Clapham Terrate. 
© Jobn Beard, Etq. Deétors Commins. 
Mr. J. Bryar, fen. South-moulton, Devon. : 
. Jehn Blakes, Efq. Great St. Helens. 
Thomas Butterworth Bayley, F. R. S. Hope, near Man- 
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William Baldwin, Efq. Auditors Office. 

John Bartrim, Eig. A/nwick. 

Jofeph Bicknell, Efg. Staples Inn. 

Mr. Jofeph Beelley, Maorcejler. 

Book Society, Lewes. 

Mr. Banwell, Academy, Briflington. 

Mr. Barnard, Stable Yard, St. James's. 

Mr. Bluat, Mathematical Inftrument-maker, Cornhill, 
wate Bracebridge, Efg. Baynars Caftle, Thames Siete 

A. Bold, Efq. °C Cillege, Cxjgrd. 

M. Bearcroft, Efq. Queenhithe. 

William Black, Efg. Grove, near Epping. 

Arthur Braithwaite, Efq. 

Thomas Burke, Efq. Jamaica. 

Mr. John Baker, Saljbury Square. 

Anthony Brough, Efg. Clapham Terrace. 

Mr. Thomas Pillior Brown, Coleman Street, 

Mr. J. Buddle, Bufnbiades, near Newcaflle. 

Mr. Thomas Henry Bill, Little Britain. 

Rev. William Butts, Glemsford, Suffalk. 

Rev, ‘Chomas Barnes, D..D. Manchefier. 
* George Bafs, Efq. Navy Surgeon, 

Mr. P. Brockendon, Totnefs, Devon. 

Rev. Dr. Beaufort, Jreland. é 
Lieut. Col. Thomas Barker, Savannah le Mar, Paints: . 
fames Brodie, Efq. Brodie Houfe. 
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Mrs. Benn, Leatherhead, Surry. 

Mr. Bafil, Academy, Manchefter. 

Mr. Brown, Bookfeller, Strand, 2 fets. 

John Bell, Elq. Stratford, Effex. 

William Birch, Efq. Manchefter. 

Richard Blofield, Efq. Bouverie Street. 

Mr. Brookes, Manchefter. 

J. Hawkins Brown, Efq. M. P. Heules, Rochefter. 
Mr. John Bryan, Newgate Street. 

Capt. William Bentinck, F. R. S. Royal Navy. 
John Bree, Stratford upon Avon. 

John Bentinck, Efg. Stratton Street. 

Mefs Bentinck, Ditto. 

Lieutenant Bullen, Yosley Street. 

Mr. William Bowes, jun. Bifbopfeate Street. 
George Barrett, E(q. Godalming, Surry. 

Mefirs. Berry and &. New York, 12 fets. 
Bayley, Efq. Port{mouth, é 

Thomas Blomer, Efq. Kemerton, Gloucefterfbire. 
Jothua Barton, Efg. Mark Lane. 

William Bradthaw, Efq. Henley, Oxon. 

"PF. M. Barthelemon, Efq. Vauxhall. 

—-— Baldwin, Efg. Serjeants Inn. 

‘Thomas Backhoute, Eq. liave-a field Lodge, Bucks. 
Richard Budd, M. D. Chatham Piace. 

Mrs. Braddyl, Bruton Street. 

John Bulman, Efq. Cox Ledze, Northumberland. 
William Bofanquet, Efg. Upper Harley Street. 
Mr. Robert Berridge, Wood Street. 

Rev. Mr. William Baker, Cittingham. 

Mr. Brown, St. George’s Hofpital. 

Mr. Henry Banks, Lincoln. 

John Bickford, Efq. Grey Coat Hofpital. 

Mifs Bowyer. 

Mr. Bryant Bifhop, Mr. Wheeler’s, Ludgate Hill. 
Mr. John Bell, Greenwich Royal Hopital School. 
Captain Bligh, Rayal Navy. 

Count de Bruhl, Dover Street. 

William Beed'e, Dartford. 

Rev. Thomas Bowen, A. M. Fulham Park. 
Rev, Mr. Boltock, Blenheim Houfe. 

Mr. Berge, Crane Court. 

—— Braslbridge, Efq. Fleet Street. 

Mr. De Bretaz, Cavndifb, Suffalk. 
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t Mr, Thomas Barkworth. 
Mr, William Bonner. 
Cooling Burgefs, Eton College. 
James Strode Butt, Elg. Dover Place. 
c 
Prince Caftelcicala, Neapolitan Ambaffador, 2 fets. 
Dowager Lady Cavan, Upper Seymour Street. ‘ 
Lady Cavan, Suckvilie Street. . 
His Excellency the Marquis del Campo, Spanif Ambaf- 
fador, 3 (ets. 
Mr. Croup, Zurmouth, 4 fers. 
John Crawford, M.D. Lincolus lun Fields. 
Rev. H. I. Ciots, Hetcham, Sufftik.e 
Mr, George W. Cuockell, Leeds, Yorkfhire. 
Mils Gall, Old Burtingion Street. 
Edward Cockthutt, Gent. Dudley, Worccflerfoires 
William Cox, Efq. Lincalns Inn Fiefs. 
Rev. Mr. Clowes, Munchefter. 
Mr. Cattieau, Academy, Dear Street, Scho. = 
Cardale, Efg. Bedford Row. 
A. Corfon, Efq. Rotherhithe. 
R. S. Cotton, Efq. Ryegate, Surry. 
Jofeph Cator, Efq. Beckenham, Kent. 
Captain Cornewall, Chart Park, Kent. 
Mr. Chinnery, Gough Square. 
New College, Manchefler. 
Mr. Charles Clarke, Adil/bank Row. 
Daniel Coxe, Efq. Fohn Street, Berkely Square, 
Daniel Coxe, jun. Efg. Dito. 
Charles Cogan, Efg. Leadenhall Street. 
ames M. Carey, Academy, Brentford. 
ames Coggan, Efq. Leadenhall Street. 
r. Catton, Old Bethiem. 
*Mr. Edward Cowper, Borough. 
Coley, Efq. Froomebridge. 
Rev. D. Coke, Broskhiil, Notts. 
B.C. Collins, Efg. Salifbury. ° 
Mr. Coupland, Manchefter. 
Mr. James Cooke, Manchefter. 
Rev. W. D. Cooper, Dittc. 
Mr. Clarke, Mathematical Academy, Liverpool 
Mr. Cofnitt, Cornhill. ~ * 
Mr. William Chapinan, Folk/tone. 
. Mr, John Collet, Academy, Bourton, Glouceflerfaire. 
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Mr. Coventry, ead Street, Southwark. 

Francis Cooper, Efy. Phiip:t Lane. 

William Crofs, Eq. Grest George Street, Weflminfter. 

Mr. Jofeph Crofbic, Ducks-foot Lane. 

Charles-Town Library. 

Mr. George Chandler, furgeon, Bridge Street. 

T. Care, Academy, Manchefter. 

Richard Muilman Trench Chifwell, Efq. M. P. Portland 
Place. 

Thomas Caldecott, Efq. Temple. 

Bryan Crowther, Efq. Bofwell Court. 

E. C. Toskes Court, 

Samue! Nuttall Collier, Pentonville. 

Rev. Alexander Cremleholme, M. A. Reétor of Shen= 
ington. 

Sir George Chad, Bart. 

—— Cowen, Efq. Aidsver, Hants. 

Mr. Carr, Surveyor, Clerkenwell. 

G. Cumberland, Efq. Bifbopfgate, Surry. 

- Mrs. Cafamajor, Upper Harley Street. 

L, Charleffon, jun. Efq. Crutched Fryars. 

Mr. Francis Childs, New York. 

Columbia College, Ditto. 

Rev. R. Cranmer, Great Ruffel Street, Bloomfoury. 

Col. Jamey Capper. : 

Robert Albion Cox, Elq. Little Britain. 

Robert Clarke, Efq. Pali Mail. 

Sir George Chaunt, Bart. 

Franfifco Solanio Conftancio. 

S. Crefpin, Efg. Rathbone Place. 

Mr. Cox, New Street. 

Mr. Henry Coxwell, Fleet Street. 

Jamcs Clemenfon, fq. Nicholas Lane. 

James Clay, Efq. Old Broad street. 

Richard Comfield, Efq. Guilorough. 

James Currie, M. D. Kettering. 

Mr. Barnard Clarkfon, Foggathorp. 

Mr. Claggit, Pantheon. 

Profeffor Conia, Aberdven. 

William Cox, Efq. Piw Court. 

John Churchman, Efg.. Pennjyivania. 

Mr. Coffart, Great St. Helens. 

Mr. George Ciaigdaltie, Surgeon, Perth. : 
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Mr. John Corbyn, Holbern. 
William Cleaver, Efq. Linco'ns Inn. 
Rev. William Cholwick, Oldffone. 
Robert Salufbury Cotton, Efq. 

Mr. C. Cooke, Paternofier Rav. 
Rev. Mr. Chriftopherfon, Geadby. 
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Baron Dimfdale, New Burlington Strect. 
Baron N. Dimfdale, M. P. Dist. 
Lady Cottrel Dormer, Hou/bam, Oxfird. 
Rev. Jacob Duché, Philadephia, 
Mr. George Dawfon,* Leeds. 
—— Downton, Efq. Lambeth. 
R. W. Dickfon, M. D. Charter Houfe. 

Rev. Mr. Demaimbray, Richmond, Surry. 

Heury Dawkins, Efg- Portman Square. 

Mr. John Defrics, Academy, Lilfford, Effex. 

Rev. J, Duncan, D.D. Ssiath Marmbro. 

Mr. William Darbythire, Adanchefter. 

W.R. Duell, Jnner Temple. 

——— Dawfon, Efq. Manchsfer Square. 

Rev. Dr. Davies, Prov of Ato. 

George Dominicus, Efy. Mark Lane. 

Mr. Dany, Royal Engineers. 

Lieut. Colonel Danfey, Taunton. 

Mr. Dupuy, Adanchefter. 4 

‘Thomas Dickfon, Efg. Sauthampton. 

Mr. Philip Davis, Academy, Manchefier. 

Mr. G. Duckworth, Ditrs. 

Rev. Mr. Durnford. 

Mr. J. Dawlon, Sedburg, York{bire. « 

Mr. Thomas Doughty, Geadby, Leiceflerfbire. 

»Mr. Denfham, Fleet Street, 

Mrs. Duffield, Queen Ann Street Eaft. 

Mr. William Dalton, Old Broad Street. 

Mr, J. Smith Devy, Surgeon, Afunchefler. 

Rev. Dr. Downes, Wimpole Street. 

Mifs Driver, Fetter Lave. ate 
Mr. Dalrymple, F. R. S. Mary-le-bone High Street. 
—— Dalton, Efg. Lincalns Inn. . 
Mr. John Dobfon, Bow Church Yard, 
Mr. C. C, Dobfon, Ditto. 
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Echardt, Efq. le 
Samuel Edwards, Efq. Stamford, Lincolnfbire 

Mifs Eeles, Cheflerfieid Street 

Mr. Edwards, Academy, Cheyne Row 

Rev. Dr. Elliiton, Matter of Sydney College, Cambridge 
Charles Eafton, Efq. Langley, Bucks 

"Thomas Evans, Hitchin, Herts 

Sir Harry Englefield, Bart. 

Mr. Edwards, Manchefier 

Haftings Elwin, Efq. Norfolk Street 

Mrs. Eyles, Frant, Kent 

Mr. Eeles, Richmoxd 

Sir Frederick Eden, Bart. 

Francis Edmunds, Efq. Worfbrough, Yorkshire 

Rev. Mr. Edmonttone, Argyle Street. 

-—— Eden, Efq. Red Lio Street 

Mr. Charles Evors 

William Edwards, Efg. Bruges 
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Dilney Fytche, Ef. 
Thomas Frankland, Efq. Cavendifo Square 
Mr. Faux, Wand{worth Common 
E. Fither, Etq. .Brifol 
—— Francis, Efg. Ayi/ham, Norfolk 
Francis Fox, Efq. Plymouth 
Le Chevaliere Freire 
Edward Fox, Efq. Wadebridge, Cornwall 
Mr. Finmore, Alderfgate Street 
Luke Foreman, Efq. Fobn Street, Bedford Row 
Savage French, Efq. 
Savage French, jun. Ffq. 
Mr. Samuel Firmin, Strand : 
M, Collin Mac Farqhuar, Edinburgh, 6 fets 
Mr. Field, Mathematical Inftrument-maker, Cornhill 
Mr. A. Filkes, Devizes, Wilts 

‘ames Fallowfield, Efq. Kentifh Town 

c. Freeland, Manchefter 
Mr. Forbes, Cafile Court, Holborn 

ohn Fane, Etq. 

homas Fletcher, Efq. New Bridge Street 
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Mr. Fletcher, Cecil Street, Strand 

Mr. Fletcher, Monmouth 

John Frere, Efq. Stratford Place 
Thomas Fenwick, Efq. Dipton 

Mr. John Fell, Surgeon, Ulwerffone 
John Ford, M. D. Old Bond Street 
William Fendhali, Efg. Gloucefter 

Rev. Mr. French 

Holey Fleet, Efq. Dartford, Kent 

Mr. John Fox, Surgeon, Dedham, Effex 
Richard Farmer, D. D. F.R.S. and S. A; 
William Fox, M. D. Gloucefter 

Hon. Mr. Fitzmaurice 

Jofeph Storrs Fry, Briftel . 
T. Fortune, Efq. Hayes, Middlefex 

—— Ford, Efg. Manchefter 

Mr. Benjamin Fuller, Adilk Street 
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Earl of Gainfborough, Cavendifh Square 

Rev. Sir Adam Gordon, Bart. Herts 

Sir William Green, Bart. Mortimer Street 

Sir John Guife, Bart. Higham Court, Gloucefter 

Rev. George Gregory, D. D. Bedford Row 

Rev. Samuel Goodenough, LL. D. F. R.S. Ealing, Mid- 


dlefex 

Rev. Goodinge, D. D. 

Mr. Green, Academy; Deptford, Kent 

Mr. Gray, Strand 

Rev. Mr. Gwenap, Fohn Street, Tottenbam Court Read 

Rev. William Gomm, Dean, near Salifbury 

John Goodhew, Efq. 

Baron de Groffer 

— Grofler, Efq. Auftin Fryars 

Rev. Samuel Guait DY F es 

T. Gibbs, Efg. Auditors Office 

R. Graham, Efq. 

John Green, Efq. Croydon, Surry 

Mr. Grainger, Surgeon, Cambe-weHt 

William Grindred, Efq. Manchefier 

Captain Grindall, Royal Navy, Weymouth 

Rev. Charles Graham, Hertingfordbury, Herts 

Charles Gower, Efq. Oriel College, Oxon 
c 
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"-'T. Garnett, M. D. Harrowgate 

William Gibbon, Efq. Crayford 

Mr. Robert Gray, Richmond 

Robert Gofling, Efq. Lincolns Inn Fields 

James Grierfon, Efq- Southampton 

Samuel Greg, Efq. Manchefter 

Goodwyn, Eta. Blackheath 

Mr. George Golding, Bridport 
Chriftopher Gullet, Efq. Leicefter square 
John Gearing, jun. Elg. Wefminfier 
George Gofling, Efq. Bedford square 
John Grieve, M. D. Norfolk street 
Mr. Gibb, Old Fewry 
George Smythe Gitbes, Efq. Magdalen College, Oxford 
Charles Grove, Efq. Bath 
Rev. Alexander Gibfon, Reétor of the Academy, Perth 
Anthony Grove, Efq. Villers street, Strand 
Mr. Gray, Attorney, York 
Mr. Robert Green, Difs 
Mifs Gomm, Sz. James's Palace 
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Rev. Mr. Hawkins, Halflead, Effex ie 

Richard D. Haynes, Efq. Barbadoes . 

M. N. Henriques, Surgeon, White Hart Court, Bifhopfeate . 
Street 

Mr. Hill, Piccadilly 

Thomas Hawes, Eifq. Charter Houfe Square 

Thomas Holmes, Efq. Mansfield Street 

Jj. Hodfon, M. D. Hatton Street 

Mr. W. Hodfon, Cheapfide 

James Halls, Efq. Colebefter 

Mr. Holiday 

C. Harft, Efq. Wirkfworth, Derbyfbire , 

Thomas Hallet Hodges, Eig. Hempftead Place, Kent 

John Hemming, Efq. ‘peal Binder Lane 

Mifs Mary Hearle, Limeboufe 

Mr. Higgins, Bread Street Hill 

Charles Hoare, Efq, Fleet Street 

Dr. Harvey, King Street, St. Fames's Square 

Rev. Benjamin Hail, B. D. Preb. of Landaff 

Jofeph Holmes, jun. Efq. Horfham, Su lex 
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Lieut. Col. Harnage, Rathbone Place 

Hulfe, Efq. Portman Square 

Iff Hilditch, Efg. Gough Square 

William Hale, Efg. Herts 

Mr. John Haywood, Holborn 

Mr. Edward Howis, Earl of Derby’s, Portman quare 





* Mr. William Howard, Old Street 


Mr. J. Hartley, Auditors Office 

Mr. James Hayes, Earl of Derby’s 

Hood, Efq. Carron oe 

Rev, Robert Harris, A. M. ‘Fellow of Sidney College, 
Cambridge 

Mr. Robert Hindmarth, Printer, Old Bailey 

Mifs Horne, Bank Side . 

Mrs. Harcourt, St. Leonard's Warden 

J. Holt, Efq. Manchefter 





. Mifs Hardman, Ditto 


John Hill Tertius, Efq. Wells, Norfoik 
i C2 


Mrs. Hawkes, Ditto 

Dr. Haworth 

Thomas Hallifax, Efq. 

Dr. Hemming, King Street, Golden Square 
Capt. William Tooke Harwood, Mitre Buildings, Temple 
Rev. Mr. Herringham, Ongar, Effex 
Rev. Mr. Hewlett, Great Dunmow 

C. Harvey, Efq. Bofwell Court 

Rev, Mr. Hutton, Guy's Ho/pital 

M. T. Henry, jun, Efq. Manchefler 
Mrs. Lydia Harrifon, Wood Street 
Thomas Johnfon Holleck, Leeds 

—— Hamilton, M. D. Old Broad Street 
Mrs. Mary Hobfon, Plymouth 

Mr. Hanbury, King Street Wop 

Mr. Hodfon, Reading, Berks 

Mr. Hutton, Friday Street 

Richard Harford, Efq. Frederick Place 
Mr. Hall, Spital Fields 

Richard Hulfe, Efq. Black Heath 

Mr. De las Heras, Spanifh Conful General 
E. Hanmer, Efq. Lincolns Inn 

T. Hatheld, Efg. Manchefter 

Rev. John Heathcote, Northall 

John Henry Hailes, Efq. ; 
Capt. Howell, Royal Artillery, Bengal 
Mr. Harrold, Surgton, Nayland, Suffolk 
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Sir John Hort, Bart. Arlington Street 

Sir Charles Hudfon, Bart. Arandel Strest 

Mr. Hafkins, Honiton 

Mr. C. Hodfon, Burton upon Trent 

Hoyle, Efq. Manchefter 

Mr. Hadley, Bookfeller, Lynn 

Major General Hervey, Haymarket 

Rev. W. Hildyard, Barton, Lincalnfoire 

Mr. Heapy, Aldermanbury 

David Hofack, M. D. Pall Mail 

Mr. John Hunter, Surgeon, Dean Street, Soho 

Mr. B. Harman, /ood Street 

P. D. Hervé, Elq. Queen Street, Bloomfbury 

Mr. Hurter, Marthorough Street 

G. Holton, Efq. Holborn 

Mr. John Hodgkin, private Teacher of Latin, Geography, 
&c. St. Martin’s Lane p 

Dr. Edward Harwood, jun. Manchefter 

Horner, Efq. Liverpool 

John Harman, Efg. Frederick's Place 

John M. Hanfon, Efq. Hackn 

Bryan Higgins, M. D. Greek Street, Soha 








7 Mr. Edward Hughes, Fleet Street 
Mr. wie Hill, at Dr. Spence’s, Mary-le-bone High 
treet 


—— Hills, Efq. Suffolk Street 

Mr. Hands, Birmingham 

Mr. Stephen Hall, Fenchurch Street 
Mr. Thomas Howden, Guy’s Hofpital 
Rev. Mr. Hodfon, Croydon 

Mr, John Hall, New efor America 
T. Hope, Efq. Fermyn Street 

Mr. Hunt, Oftley 

Mr. Anthony Hunt, Eifel 
Captain Huddait, Highdury Terrace 
Ms. Hanbury, Admarfb 
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Rt. Hon. Earl of Hchefter, Neve Burlington Street, °2 fets 

Rev. Mr. Jones, Birmingham 

Mr. Jackfon, Surgeon, Knight{bridze 

Rev. Mr. Jewell, dylfham, Norfolk 

Rey. Dr. Jones, Shillingford _ 

Bev. William Jones, A. M. F.R.S. Naylands Suffalk 
Roberk. 
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Robert Jackfon, Efg. Famaica 

Mr. Jofeph James, Academy, Stoke Bifhop, Briftal 

Rev. Rowland Ingram, A. M. Fellow of Sidney College, 
Cambridge 

Colonel Ironfides, Upper Brook Street 


. Mrs, Janfon, Croydon 


Mr. Ibbetfon, Ludgate Hill 
Rev. W. B. Jones, Clare, Suffolk 
Mr. Johnfon, Burleigh Field 
Mr. Jones, Academy, Stoke Bifhop 
Thomas Johnftone, Efg. Falmouth, Famaica 
Rev. Peter Jullian, A. M. Fefus College, Oxon 
Mr. B. Jacob, Queen Street, Seven Dials 
Jofeph Jebb, Eg. ey ess 
Mr. John Jardine, 2 fets 

ofeph Johnfon, Efgq. Cheifea 

homas Jackfon, Efq. Paternofler Row 
Henry de Jerfey, Efq. Guernfey 
T. James, D. D. Head Maiter of Rugby School 
Richard Johnfon, Efq. Great Portland Street 
William Jones, Efg. Cheyne Row, Chelfea 
George Jennings, Ei 7 Hote Street 
is Fei. at Lord Fitzwilliam’s 

r. Jacob Jones, Surgeon, Finfbu: uare 
Dr. Ingenhouze, F. R S mes 
Mr. Jones, Mathematical Inftrument-maker, Holborn 
—— Jenkins, Efq. New Inn 
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Lord King, Great George Street, Vefiminfler 

Mr. Kanmacher, Camberwell, 3 fets 

Lieut. Kelfall, Queen’s own Light Dragoons 

Samuel Kenyon, Efq. Lambs Conduit Street 

William Kilburn, Efq. Wallington, Surry 

Rev. Samuel Kettilby, D. D. Prof. Geom. Grefham 

College 

James Kierman, Efq. Daéfors Commons 

Mr. Key, Surgeon, Borough, 2 fets 

Thomas King, Efq. Reading, Berks 

Rev. W. E. Keyt 

William King, Elg. Belvsir Caftle, Bincolnfoire 

Rev. R. Kedington, Rougham Hall, Suffolk 

Henry Peter Kuhff, Efg. S?. Helens, 2 copies 
c3 : Thomas 
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Thomas Keith, Teacher of the Mathematics, Heddon 
Court, Swallow Street 

Charles Kite, Efg. Gravefend 

George Thomas King, Efq. Eaficheap 

Mr. George Kerr, Surgeon, Aberdeen 

Rev. Mr. Keyte 

Mr. Charles Kite, Difs 

Mr. Kemble, Optician, Dean Strees 

Mr. Kelfall, Tunbridge Wells 

L 

Sir Egerton Leigh, Bart. Weymouth Street 

Lady Lindfay, Burley Hall, Berks 

Mifs Lindfay, Ditto 

Rey. Mr Lancafter, Acatemy, Wimbledon 

Mr. Lardman, Prot. Fortification, Military Academy, 
Voolwich 

T. Lewis, Efg. Gower Street 

Mr. Lodge, Cold Bath Fields 

Me. Linghurit, Goodman's Fields 

Rev. John Lyon, Dever 

Mr. Walter Lori, Academy, Tooting 

P. Digges Latouche, Efq. 

James Digges Latouche, Efq. 

George Lee, Efq. Manchefter 

Mr. Zachary Langton, Cheapfide 

Rey. Peter Lathbury, Woodbridge, Suffalk 

Edw. Lafcelles, Efq. M. P. Wimpole Street 

Mr. Lackington, Ch-fwell Street, 24 fets 

C. Sr. Leu, jun. Eig. 

Captain Lawman 

Mr. Robert Lewin, New College, Hackney 

Mr. Latham, Surgeon, Dartford 

Edmund Shallett Lomax, Efq. Netley Place, Surry 

Mr. Loftie, Harling Street 

Long, Efq. Linesini Inn 

Ebenezer Leadbeater, Scuthwark 

John Limbrey, E.q. Hodington, Hants 

Mr. D+ Lanfégue, Teacher of Geography, Queen Ann St, 
ba 
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Mr. Samuel Lowe, Academy, Manchefter 
Mr. Lufignan, Sommer's Town 
Mr. Lloyd, Manchefter 
Dr. Lorimer, Charlotte street, Portland Place 
Mr. Lewis, Brecknockfhire 

. Thomas Lloyd, Efq. Bedfordfbire 
Rev. Francis Leicelter, A. B. Spa Fields 


M 


Rt. Hon. Earl Mansfield, Portland Place 
Rt. Hon. J. S. Mackenzie, Hill Street, Berkley Square, 


2. copies 
Le Chevaliere Mollinedo, Spain, 6 copies 
Thomas Marfham, Efq. Berkley Street 
Mifs Marfham, Ditts 
. Rev. Thomas Martyn, F. R. S. Prof. Bot. Cambridge 
Rev. M. Moody, ag , 
—— Maintfon, Efq. Effix Street 
Chriftopher Mayhew, Efq. Ramfgate 
George Mafon, Efq. 
Henry Morland, Efq. Northumberland Street, % copies 
Dr. Miller 
Mr. Mitford, Surgeon, Minories 
Henry Euftace Mac Cullock, Efq. Oakley Houfe, Berks 
Mr. Maud, Alderfgate Street 
Mr. Murray, Fleet Street, 6 copies 
Edgeworth Moore, Efq. Auditors Office 
Sir Horace Mann, Bart. 
Mr. William Milns, City Commercial School, Gearges 
Yard, Lombard Street 
Richard Morris, Efq. Guy’s Hofpital 
Monsr. Piere Mofcati, M. D. ‘A Milan 
Mr. Jofeph Maurice, Briftal 
R. Edward Mercier, Dublin, 6 (ets 
Charles Monro, .Efq. Finchley 
Mr. Milne, Surveyor, St. Martin's Lane 
J. Mofs, Surgeon, Red Lion Street, Haiborn 
Mr. Melton, Lynn, a 
Lewis Majendie, Efq. ledingham Coftle 
Mafter John Millington, Golden Square 
_— Mather, M. D. Bedfordjhire 
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Samuel Moody, Efg. Queen Square, Bloomfbury 
Angel Muzio, King’s Arms Yard 
Mr. Harry Moxey, White Crofs Street 
Meyer, M. D. Throgmorton Street 
Rev. Thomas Methold 
James Meyrick, Efq. Albemarle Street 
John Merrick, Efq. St. Adartin’s Lane 

ofeph Manton, Efg. Davies Street, Grofvenor Square 

. P. Manton, Elg. Mount Street, ditto 

Mr. Richard Morris, Amerfbam, Bucks 
T. K. Mallet, E(q. Brianftone Street 
Mr. Alexander M‘Leay, Stockwell 
Admiral Murray 

ames Martin, Efq. Walcot Place 

r. Miles, Oldham 

Mr. John Monier 
——- Morgan, Ffq. Manchefler 
Murray, Efq. Murray Hall, Perth 
James Milnes, Efg. Piccadilly 
Francis Moore, Eh. 
Mr. Moore, Manchefter < 
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Sir John Nelthorpe, Bart. Sackville Street 

Mr. Nottcut, Jp/wich : 

A. J. Nunes, Etq. Hackney 

Nicholfon, Efq. Red Lion Square 
Francis Noble, Efq. Ely, Cambridgefhire 

Mr. Deputy Nichols, Red Lion Paffage 
William Nicholis, Efq. Chefter 

Mr. James Newland, Auditors Office 

George Naffau, Efq. Clifford Street 

James North, Efq. 

Mr. Nichols, Adanchefler 

Mr. Nafmith 

Mrs. North, Bridge Street 

Rev. Robert Nixon, B. D. Fosts Cray 
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LECTURE I 


HE earneftnefs of your wifhes, to know the 
nature and ufe of the various articles now 
lying upon the table before you, and which 

have been purchafed for your amufement and in- 
ftruction, gives me great pleafure, not only as it 
infures me your attention, but as it affords me an 
opportunity of faying a word or two on a fubject in 
’ which you are highly interefted. It is, to encou- 
rage you to be often afking queftions, and in- 
quiring into the ufe of the things that are 
continually prefenting themfelves for obfervation. 
If you fuffered no fubjeét, whether of bufinefs or 
amufement, to pafs by without inquiring into the 
ufe or advantage it would be of, either to yourfelves 
or companions, you would acquire a habit of at- 
tention, you would awaken curiofity, and excite a 
fpirit of inquiry; but above all you would fireng- 
then your underftandinge. and learn richtly to efti- 
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You may lay it down asa maxim, that as the 
effence of folly confifts in an entire want of judg- 
ment, in an ignorance of the true value of things, 
fo the effence of wifdom and knowledge muft con- 
fift in the excellency of your judgment, or in the 
juftnefs of your knowledge of the worth and value’ 
of things. He who knows moft of the value of the 
beft things, and who forms the beft judgment of 
the things which are of the moft concern to him, 
has the higheft wifdom, and will be the happieft 
man. By habituating yourfelves toa practice con- 
formable to this maxim, you will be prevented 
from taking any delight in thofe things which de~ 
bafe the mind, and are contrary to reafon, You _ 

"will not feek happinefs where it is not to be found, 
becaufe you will know that it is a treafure hidden 
within you, and that you may always enjoy by a 
proper regulation. of your tempers and conduct. 

The eagernefs with which you defire to know 
the ufe of this apparatus will be confiderably height- 
ened, when I acquaint you with the purpofes for 
which it is defigned. It is intended to introduce 
you to natural philofophy, to enrich your minds 
with the knowledge acquired by the labours of the 
great and wife men who lived before you, to make 
you acguaintcd with the fcenery of nature, the 
ways and means made ufe of by the great author 
and fupporter of your being and mine, in pro- 
ducing thofe wonderful appearances you fee in the 
air, the changes you obferve in the feafons, the 
nature of the air you breathe, and the fire which 
animates your frame. But this apparatus is not 
confined merely to an explanation of the operations 
of God in nature; it will inftruct you alfo in the 
wifdorn he has communicated to man, and fhew 
you the nature of thefe engines which they have 
antrived the action of that ufeful inftrument the 
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learn to know when they are well or ill conftructed. 
You will comprehend the properties and principles 
of the fteam engine, whofe operations have fo often 
excited your admiration; it will be too tedious to 
enumerate all the advantages you may acquire from 
this apparatus. Let me affure you that explaining 
them to your companions, and performing the 
operations yourfelves, will not be one of the leaft, 
for by thus exerting the faculties of body and mind, 
both will be ftrengthened and improved. 

From natural philofophy yqu will learn that the 
creation is but an image or picture of the divine 
perfection, and therefore bears a character of his 

infinity and immenfity: that this fmall part of it 
which we inhabit, is but a point in comparifon of 
the folar fyftem: that the folar fyftem is but a 
point in comparifon of the vatt regions of the fixed 
ftars: that thefe fuperior regions themfelves are 
but a point in comparifon of the innumerable 
worlds that lie perhaps hid in the bofom of im- 
menfity: that in this point which we inhabit, we 
know only fome fuperficial qualities and properties 
of nature: ¢hat, asStrnIsaac Newton faid, all the 
difeoveries mortals can make, are like thofe of a 
child upon the borders of the fea, who has only 
broken fome pebbles, and opened fome fhells, to 
fee what isin them, while there lics beyond hima 
boundlefs ocean, of which he has no ideas: that 
we can never be true philofophers till we fee the 
auTuor of nature face to face; compare the pic- 
tures with their original; and know, by direct in- 
tuition, their mutual relation and refemblanees. 
Lord Bacon terms natural philofophy, the great 
mother of the fciences,* for neither the arts of 
{fpeech, logic, medicine, civil policy, morality, 
religion, &c. can be advantagcoutly exercifed, im- 
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proved, underftood, or inftituted without it, and alf 
the mechanical fciences depend upon it. 

As you are now going to engage in the ftudy of 
one of the branches of natural philofophy, a fhort 
hiftory of the origin of the word itfelf cannot but- 
prove acceptable. When Py ruacoras, of whont 
you have already heard much, had completed the 
great tour of {cience, and ftored his mind with all 
the hidden treafures of oriental knowledge, he pre- 
fented himfelf for the firft time to the admiring 
eyes of Greece, aflembled at the olympic games. 

* A fpectacle no doubt it was for univerfal ad- 
miration and refpect; an underftanding fo enriched, 
and full in meridian vigour, was an object that his 
cotemporaries might look at with veneration little 
fhort of idolatry. Pythagoras in this attitude, fur- 
rounded by the Grecian fages on the field of the 
olympic games, whilft every eye was fixed with 
rapture and delight upon one of the moft perfect 
forms in nature, began to pour forth the wifdom 
of his doétrine; aftonifhment feized the hearers; 
and almoft doubting if it had been a mortal that 
had been difcourfing, they with one voice demanded, 
by what title he would be addreffed. Pythagoras 
anfwered, that their feven fages had taken the namc 
of wife men, for his part he left them in poffeffion 
ofa diftinGion they fo well merited, he wifhed to 
be no otherwife remembered or defcribed than as a 
Lover or Wispom;* his pretenfions did not goto 

the 


* As the word philefophy has been of late much abufed by 
infidels, politicians, and divines, it may not be improper to give 
another definition of the word, to guard and proteét it, and to 
ferve as a teft by which to try the principles of thefe different 
writers. “ Philofophy is the invettigation of truth of every 
kind from thoft principles which are peculiar and proper to itfelf, and 
from no other ; which principles are not to be taken up at a ven- 
ture, or framed upon fuppofition, but to be fought and found by 
much experience and obiervation in the nature and conftigution 
of things themf{elves," 
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the poffefion of it, and if they would call him a 
PtosopHeR, he would be contented with the ap-. 
pellation, From this time the name of a philofopher 
became a title among the learned.’’* 
Not to detain you longer from an examination 
* of the articles before you, I fhall firft give you a 
general defcription of fome of them, and tell you 
their feverat names ; this will render the explanation 
oftheir refpective ufes cafier and more fimple, and 
will enable you to make experiments with them, 
and explain their effects with greater facility. 
The inftrumentbeforeyoutscalledanair-pamp.} 
It is one of the moft ufeful of all thofe philofophical 
inftruments whofe action depends on the air. It 
’ confifts of a pump or fysinge, annexed by means of 
other pieces to aglafs veffel, and is fo contrived that 
by moving a rod up and down, the air contained 
in the receiver may be extracted. It is formed of * 
five principal parts: 1. The barrel. 2. The pifton 
moveable in the barrel. 3. Two valves or open~ 
ings fo contrived as to prevent the air returning 
pack again. 4. The plate of the pump on which 
the veliels are to be placed, that the air may be ex~ 
tracted from them. 5. A guage or apparatus for 
meafuring the degree of exhauftion. 6. A ferew 
for occafionally admitting the air when required. 
The neceflary requifites ofa good air-pump are, 
4. That itexhauft or rarify the airas muchas pof- 
fible. 2. That this be effected in the leaft poffible 
time. 3. That there bea guage affixed to the pump, 
to afcertain with accuracy the degree of rarifaction. 
Before I explain the conftruction of the pump, 
I fhall place before you a few models of valves, 
(fig: 4s 596s 78> ple i.) On different conftructions, 
that you may have a clearer notion of their nature 
and ufe, By a valve is always under{tood forhe 
3 fubftance, 
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fubftance, fo placed overa hole, as to permit a fluid 
to pafs through one way, but not the other way, or 
back again. 

A fiop-cock isa fpecies of valve, for by turning 
it one way, it lets a fluid pafs through a pipe, &c. . 
but by turning it about one quarter round it fhuts 
up the paffage. When the hole in the moveable 
piece or cock coincides with the bore of the pipe, 
there is a free paffage for the fluids communicating 
therewith, but when the cock is turned the veffel 
is ftopped. : 

The glafs veffels to be placed on the pump are 
called receivers, fome of them are open at top, the 
others are clofed. : 

To gain a clear idea of the action of the air- 
pump, it will be neceflary totakeitinpicces. You 
may now fee that the barrel is made very cylindrical 
‘and fmooth; the pifton, which moves up and down, 
is made to fit it fo exactly as to permit no air to 
pafs between ‘it and the barrel, and yet to move up 
and down with eafe; the bottom of the pifton when 
down lies as clofe as poffible to the lower valve, in 
order to prevent any air remaining between them. 
You obferve that in the piece fcrewed to the bottom 
of the pifton, there is a hole, coinciding with one 
that goes through the pifton; over this hole a {mall 
piece of oiled filk is tied, which is the pifton valve; 
it opens upwards to give a paffage to the air from 
below. In the brafs plate on the bottom, you fee 
another hole with a valve on the top; by this there 
is a paffage for the air from any receiver placed on 
the plate of the pump to the cavity of the barrel 
at bottom; for the large plate of the pump is per- 
forated with a hole, to meet the laft mentioned 
one, ‘Thefe few parts are all that are effential to 
the pump, and willbe fifficient to give you a very 
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To work the pump, the pifton is placed at the 
bottom of the barrel, and then lifted up; we fup- 
pofe it to be fo well fitted as to leave little or no 
air beneath; confequently, on lifting it up you raife 
‘the column of air that ftands over the pifton, and 
leave a cavity or fpace below in a great meafure 
void of air, fuppofing that none could enter into 
this {pace through the valve in the plate of the 
pump. But as the air is- very elaftic, (as I fhall 
prove to you hereafter) that which is in the receiver 
rufhes through the lower valve, into the void fpace 
in the barrel, till what is there, and in the receiver, 
become equally denfe; by this means the quantity 

_ of air in the receiver is leffened, and as what remains 
ftill occupies the fame fpace, it is faid to be rarified 
or lefs denfe. ; 

This is one half of the operation; in the next 
place, the pifton is to be carried down to the bot- 
tom of the barrel; by raifing the pifton I brought 
fome of the air out of the barrel; by depreffing the 
pifton I fhall get it out of the barrel alfo, and thus 
get rid of it quite; for by forcing the pifton down, 
the air contained below it in the barrel (as it cannot 
return through the valves at the bottom of the plate, ) 
is condenfed by the pifton, till it acquires elafti- 
city enough to force open the valve in the pifton, 
and make it’s efcape into the common air, from 
whence it cannot return, being prevented by the 
valve. hus a part of the air in the receiver is 
extracted, and by continuing the operation as much 
will be taken’ therefrom as may be required. 

By means of the air-pump and it’s apparatus, you 
will foon become acquainted with the nature and 
properties of air. Aur is a fluid into which you 
are plunged the moment you are born, and without 
which you would ina moment be deprived of life. 
The nature ofa fluid fo important, fhould certainly . 
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no fubftance has a more univerfal influence on the 
general courfe of nature. The varieties in it’s tem- 
perature and weight are continually agitating our 
frame; to the action of thefe changes on our bodies 
we may attribute many of our fenfations, both irk- 
fome and pleafant. Indeed we have always fome-" . 
thing to hope or fear from the viciffitudes of which 
itis fufceptible. It contributes to the formation of 
hail, and fuftains the clouds. Plants graw and are 
nourifhed by it. Without the air, there would be 
neither found, nor voice, nor language, all fire 
would be extinct, animals would perifh, and the 
whole world would languifh and decay. It is almoft 
impoffible for you to think with indifference of the _ 
wonderful effects occafioned by this invifible 
agent. If your mind is capable of admiring thefe 
effects, it will not be infentible to the pleafure that 
is tobe derived from a knowledge of their caufes. 
Itis fo pleafing to contemplate the firftdawnings 
of improvement in fcience, and to fee them rifing 
gradually to perfection, through the fucceffive la- 
bours of innumerable minds ; that I cannot refrain 
from giving you a fhort hiftory of the air-pump. 

The famous experiment of Torricellius, (to be 

explained in the next lecture) gave rife to the air- 
pump, and led the Florentine Academicians to con- 
trive an inftrument to procure a vacuum. For this 
purpofe they filled a veffel with quickfilver, and 
then emptied it, taking care to prevent the air 
‘rom entering while the quickfilver was going out: 
this inftrument being very inconvenient, as well 
as imperfect, was foon laid afide. 

Otto de Guericke, an ingenious magiftrate of 
Tamburgh, invented the air-pump in 1654, and 
nade the firft public trial thereof about the fame 
ime at Ratifbon, before the Emperor of Germany, 

and feveral of the electors, who were highly dee 
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it. An account of thefe was foon after publifhed 
by Scottus, a learned Jefuit. In 1672 Otto de 
Guericke gave an excellent narrative of his own 
experiments: the inftrument was, however, ftill 
awkward and very imperfect. In order to try ex- 
* periments with it, they were obliged to place their 
glaffes, veffels, and other fubftances under water, 
to prevent the air from re-entering. ; 

It was afterwards fo much improved by Hooke, 
the rival of Newton, and by the famous Boyle, and 
was applied by the latter to fuch ufeful purpofes, and 
opened in his hands fo rich a rhine of natural know- 
ledge, that the invention has often been attributed 
to him, and the vacuum made by the air-pump is 
ftill called the Boy/ean vacuum, in contradiftinction 
to that of Torricellius. Subfequent improvements 
have been made by Meffrs. Gravefande, Nollet, 
Smeaton, Haas, and Cuthbertfon; but the laft and 
moft perfect is that of the Rev. Mr. Prince, of Bof- 
tonin America, to which I have given the name of 
the American Air-pump. It would be unneceffary 
minutcly to defcribe the refpective merits of thefe 
improvements; but it would have been highly im- 
proper to leave you altogether unacquainted with 
the names of thofe who have improved the inftru- 
ments of {cience, and of whofe labours we are now 
reaping the benefit. ; 

It is a duty we owe fociety to commemorate the 
benefactors of mankind: and I therefore feel great 
pleafure in laying before you a fhort {ketch of the 
character of Mr. Boyle, whofe unexceptionable 
integrity, extenfive charity, and fingular picty, did 
great honour to philofophy; no one ever took more 
pains to promote natural knowledge in all it’s 
branches; among thefe the doctrine of the air af- 
forded him ample ficld, and he cultivated it with 
faccefs ; he examined objections with patience, and . 
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confidered as the temple of God, and “man (toufe 
. his own words,) as born the pricft of nature, ordain- 
ed (by being qualificd) to celebrate divine fervice, 
not only 77, but for it.” Not fatisfied with having 
promoted the belief of a Deity, and the evidence of . 
truereligion, in the greater number of volumes com- 
ofed by him during the courfe of a laborious life, 
Fe has taken care by his will to perpetuate a fuc- 
cetlion of advocates for it. Such a man, we muft 
allow to be anornament to his own age and country, 
and a public benefit to all times and nations. He 
. feems to have been a heavenly fpirit ina human form 
defcending from above, to furvey the wonders of 
this lower frame, and from thence, as from a new 
fubject, to raife in himfelfand others a new fource 
of adoration and gratitude, and new fongs of love 
and praife. 

As you have now attained a general idea of the 
fabric and contrivance of the air-pump, I fhall 
proceed to invettigate the properties of the air itfelf 
by means of this inftrument. 


Or true Resistance oF AIR. 


The form of air is not vifible, yet the fubftance 
and action thereof is evident to the reft of our fenfes. 
This bladder which I am going to fill with air, 
will be very different when filled, from what it is 
in it’s prefent ftate; it may now be rolled up and 
twifted almoft into any form, but when I have 
filled it, it is capable of refifting a confiderable 
preffure.—It is now filled, and you will find that 
fcarce any force you can exert will bring it toge- 
ther. You cannot indeed fee the air in the bladder, 
but you can feel it’s refiftance, in the fame manner 
the particles which give energy to the hurricane are 
invifible, but fatal experience evinces their power, 
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the pifton and the bottom of the fyringe may not 
efcape. This air, when the pifton is at a certain 
depth, will refift fo powerfully, that if the mate- 
rials do not give way, no force whatever will bring 
the pifton down. Try it, and you will find on 
puthing itdown, that it feerns to work as if againft 
avery ftrong fpring. 

Here are two glafs veffels, fuch as are fold in the 
ftreets by the Italians; thefe will exhibit another 
proof of the refiftance of the air, This in my hand 
has had the air extracted from it, the air remains 
inthe other, I lift the exhaufted one up, and the 
water falls upon the glafs in which it is inclofed 

. like a piece of iron, with a fmart noife, from whence 
it has been named the philofopbical hammer; while 
in this, where there is a bed of air to fall on, it 
fearce makes any noife. Artifts are accuftomed to 
judge of the goodnefs of the vacuum in barometers, 
&c. by the fmartnefs of the found made by the 
quickfilver. 

Cuftom has rendered the contact of air fo fami~ 
liar to us, that you muft reflect, before you can be 
fenfible of the actual impreffions it makes upon 
you. Being conftantly furrounded by the air, we 
do not confider the continual force it oppofes to . 
all our motions; but if we could be taken out of 
theatmofphere, and were to returnto it again, we 
fhould then perceive without reflection, that the 
ajr touches us on all fides, as we feel that the water 
touches us when we plunge into it.—I take this 
empty glafs veflel, and plunge it perpendicularly 
into a jar of water with the mouth downwards, and 
you perceive that that part of the water which an- 
’ {wers to the mouth of the glafs veffel, finks in 
proportion as the veffel defcends, for the veffel 
contains a column of air, which oppofes the en- 
trance of the water. thouch it’s refiflance is not 
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fee, why a veffel cannot be filled with water by 
plunging it with it’s orifice downwards; why a 
funnel, if the pipe fits clofely to the neck of a 
bottle, is not convenient for pouring of liquor; 
for in order to put the water or wine into the 
bottle, the air muft pafs between the neck and the 
funncl; but when the neck is fo narrow, that there 
is not room for a free paflage, at the fame time, for 
the liquor to go in and the air to go out, it muft 
be brought about fuceeffively. Weare apt, indeed, 
to confider every thing as empty which is only 
filled with air; but‘the experiments you have feen, 
have fhewn the impropriety of this confideration, 
by proving that they are filled with a refifting 
fubftance. 


Or rag Wetcnr or THE ATR. 


You have often heard, perhaps, made ufe of 
the expreffion, “as light as air;” but light as it is, 
it is heavier than you imagine, and it’s weight is 
the caufe of many wonderful effects in nature. That 
at has weight, I fhall prove, by fhewing you that 
a veffel is heavier when full of air, than when the 
air is extracted from it. For this purpofe, I have 
a bottle furnithed with a ftop-cock; I weigh this 
accurately while fullofair. 1 fhall now extract the 
air out of it, and prevent it’s re-entrance, by turn~ 
ing the ftop-cock: on weighing it again, you fee 
it is confiderably lighter than it was before, and 
confequently has loft weight by the extraction of 
the air. : 

You have now learnt that the air has weight; by 
filling the bottle when emptied of air, with diftilled 
water, and then weighing it again, you will find 
it’s fpecific weight, that is, you will compare a 
given quantity or bulk of air, with the fame volume 
ane bik af water and thic difcover the difference 
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To be more particular, I fill this flafk, when the 
air is exhaufted from it, with water, and weigh it. 
I fubtract from this weight, the weight of the flafk, 
(without air,) the deficiency is the weight of the 
water. A cubic inch of water has been found te 
weigh fo many grains; dividing therefore the weight 
of water, by this number of grains, gives me the 
cubic inches contained inthe flatk. 

1 have now obtained, 1. The weight of the flafk 
withoutair. 2. Thenumber of cubic inches con- 
tained in the flak. 3. The weight of this number 
of cubic inches of water. 4. The weight of the 
fame number of cubic inches of air.—The relation: 
. between the two laft numbers gives us the fpecific 
gravity of water and air; for the fpecific gravity of 
air is to that of water, as the weight of a cubic inch 
of airis tothat of a cubic inchof water. We ob~ 
tain the weight of a cubic inch of air, by dividing 
the weight of air in the flafk by the number of 
cubic inches contained by the flafk. 

About 14 2 grains of air are equal to two pounds 
of water; therefore the proportion is as £ to 800. 

Abfolute exa&tnefs is not attainable by this 
method; it is however fufficient for every common 
purpofe. The height of the barometer and ther- 
mometer fhould always be noticed at the time the- 
experiment is made, as a variation in thefe wilk 
occafion a difference in the refults. The weight 
of the elaftic Huids, of whofe nature we fhall fpeak 
hereafter, may be obtained in the fame manncr. 


Or tHe Pressure oF THE AIR. 


As you have feen that the air has weight, and 
confequently preffes upon all bodies that are con- 
tiguous to it, you will be lefs furprized at fome of 
the effects occafioned by this preflure. 1 place this 
clafs veffel upon the plate of the pump, from which 
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there is under it a mafs of air of equal denfity with 
that which furrounds it; the internal air is a coun- 
ter-ballance to the column of air upon the top of 
the receiver. I now work the pump, and thereby 
take out or exhauft the air from underthe receiver, . 
and thus remove the counter-preffure ; the receiver 
will then be preffed down upon the plate of the 
pump by the whole weight of the atmofphere in- 
cumbent on it’s furface.. It is done, and you will 
now find it very difficult to feparate the receiver 
from the plate, to which it is fixed down with a 
force cqual to as many times 15 pounds, as there 
are {quare inches covered by the opening at the 
mouth of the receiver. If the receiver be large, 
the weight of the preponderating column is enor- 
mous. You cannot, I fee, feparate the receiver 
from the plate; Iwill, therefore, re-admit the air, 
by turning this fcrew, the ballance will again be 
reftored, and the air prefling as much upwards 
againft the inward parts of the receiver, as the 
outward parts are preffed by the external air, the 
receiver may be eafily removed. 

The natural propenfity of the human mind to 
know the caufe of every effect, often leads men 
into errors, and makes them fatistied with a word 
which does not remove theirignorance. It is thus 
that fome have faid, the glafs was held down by 
Juction, without explaining what they meant by 
fuction, or fhewing how it was produced. We 
fhall, however, prove to you by the next experi- 
ment, that the glafs is not held down by fuction. 
J teke this brafs plate, put an oiled leather on it, 
and place it on the plate of the pump; I then fuf- 
pend this {mall receiver on the hook under the 
larger one, and place the large one in fuch manner 
on the plate, that the fmall receiver, when let down, 
will come on the fmall plate: (fr. 17. o/. 1.) upon 
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both receivers. Let us now confider the circum- 
ftance; there is no air under either glafs, allis free 
within, but the. outer glafs is held down by the 
preffure of the external air, whilft the {mall glafs 
having no air to prefs upon it, continues loofe, and. 
“may be drawn up and down at pleafure. Admit 
the air into the receiver, and the large one will be 
fet at liberty, whereas the fimall one will be prefled 
down upon the plate; and this, not from faction, 
for it continued loofe whilft I was pumping, but the 
internal air or prop being taken away, the external 
preffes upon it, and keeps it down, 

There are few experiments which are more 
decifive againft the common opinion of fuction 
than that which is made with the inftrument called 
& double trausferer. (fig. 11, pl. 2.) Screw the end 
of the middle pipe into the hole of the pump, and 
turn the cocks d, G, H, foas to open the commu. 
nication between the pipes and the pump. Place 
a receiver upon one of the plates (g), taking care 
that the communication with the other is cut off 
by turning the cock (H) connected therewith, 
exhauft the air out of the receiver, then turn the 
cock (1), which conneéts the whole with the pump, 
to prevent the air from re-entering, and unfcrew 
the apparatus from the pump: now put a receiver 
upon the other plate, and this will continue loofe 
on the plate as long as it remains full of air: turn 
the cock (H) belonging thereto, to open the com- 
munication between this and the other receiver, 
and the air in the lait having nothing to act againft 
it’s {pring, will rufh into that which was exhaufted, 
until it be of equal denfity in both, and they will 
be held down with equal forces to their plates, by 
the preflire of the atmofphere, though each will 
be kept down with only one half of the preflure 
that acted on the firft when exhaufted of it’s air, 

‘Here is a glafs open at both ends. I took a wert 
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bladder, and ftretched it over one of thefe endé; 
tied it faft, and let it dry. I now place it on the 
plate of the pump; (jig. 14, p/.1.) while the air 
preffes the bladder equally on both fides, it lies 
even and ftrait; but as foon as I begin to exhauft 
the air, you fee it is preffed inwards, and is quite 
concave on the upper fide; in proportion as I ex- 
hauft the air, the bladder is more ftretched; it 
will foon yield to the incumbent preffure, and 
burft with a loud explofion. You obferve that, 
when the bladder was much preffed down, it 
recovered it’s fmooth even fituation, as foon as I 
fet in air to fupport it; but no fooner did we take 
away this affiftance, than the bladder burft. As the’ 
fibres ofa bladder are very ftrong, this experiment 
will not always fucceed, and you will often find it 


-neceffary to facilitate the rupture, by’ preffing the 


bladder with your finger, or the point of a knife: 
to avoid this, and render the experiment more 
certain, I macerated the bladder, and then took off 
fome of the fkins of which it is compofed; being 
thus rendered thinner, it has fucceeded perfectly 
to our withes. 

You afk me, with propriety, why the weight of 
air does not break the receivers as it burfts the blad~ 
der? The ftrength of the receivers is derived from 
their circular form; the arched figure prevents 
them from giving way inwards, for if they were 
made with flatted fides like this fmall thin bottle, 
the external preffure would break them to pieces 
when the air was removed from the infide. This 
{quare bottle has a valve at the neck opening out- 
wards; I fet it on the plate of the pump with a 
cage over it, and a receiver over both, (fig. 2, pl. 3,) 
and exhauft the air; that in the bottle will come out 
through the valve: the air is now exhaufted, and I 


oO |: kt PCP ee eR Oke A ee Oe 


Nature anp Properties or AIR. Y 


now fullof air, and you fee the bottle has burft into 
inhumerable pieces, with a loud explofion; forbeing 
deprived of the internal fupport, it was incapable 
of fuftaining the weight of the atmofphcre. 
The noife in thefe experiments has ftruck you with 
aftonifhment, itis therefore neceflary that I thould 
~ explain the reafon to you; it is occafioned by the 
quantity and velocity with which the air enters 
the vacuum. Mr. Papin has calculated, that 
the air enters a vacuum with a velocity that 
would carry it through 1300 feet in a fecond of 
time. When I pull off the top of this tooth-pick 
cafe I rarify the ‘air, for while I am opening the 
‘cafe, the capacity thereof is increafed, the air 
which before occupied this fhort fpace, now oc- 
cupies a larger; and the velocity and force re- 
quired to reftore it in both pieces to it’s natural 
ftate, occafions the noife. Other inftances will oc- 
cur, which you may explain in the fame manner. 
When I ftretch out my hand, with the back 
of it upwards, I do not feel the weight of the air 
which preffes upon it, becaufe the lower air preffes 
‘the palm of the hand as much upwards, as the 
incumbent column preffes the back part downwards ; 
and thefe two mutual and contrary forces deftroy 
each other, fo that neither of them is felt. But 
. if you place your hand upon this receiver, while I 
exhauft the air from below it, and thus remove the 
air which preffed upward againft the palm of the 
hand, whilft the external air preffes upon the back 
part of it, you will find your hand preffed down- 
wards with force enough to give you pain, and 
make you feel the weight of the incumbent atmo- 
{fphere. Thus as we feldom know the bleffings 
that furround us till we are deprived of them; fo 
in ‘the prefent cafe, we were not fenfible of the 
Wtight,of the ambient fluid, tilla part of it was 
: taken away, andthe preflure was not fenfible till the 
p Vout. Cc coun- 
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counteracting preflure was removed. To lift your’ 
hand from the receiver when the air is exhaufte 
from under it, you muft exert a force capable of 
raifing the column of air incumbent on it; now 
this column is equal in weight (as will be evident 
in the next le€ture) to a cylinder of quickfilver, 
whofe bafe is of the fame fize as the mouth of the 
receiver on which your hand is laid, and whofe 
height is about 30 inches; of the weight of fuch 
acolumn, you may form fome idea by lifting up 
this {mall bottle with quickfilver; at the fame time 
that the hand is thus forced down, the preffure is: 
taken off from that part which is expofed to the 
vacuum; the fluids therefore flow to that pare 
and caufe it to fwell, whichis further increafed by 
the elafticity of the air, a property to be hereafter 
noticed. 

This experiment fhews alfo, that there is a 
quantity of air contained in the fefh and humours 
of the body, and explains the nature of cupping. 
In doing this, the operator generally takes a {mall 
glafs clofeattop, and holding it a hittletime over the. 
flame of a lamp, the air is thereby rarified, and a 
part of it driven out; the glafs is then fuddenly 
clapped on the part to be cupped, the remaining. , 
air now cools and condenfes, and the glafs ad~ 
heres to the flefh. In proportion to the difference , 
in the preflures of the external and internal air, 
the flefh rifes in the glafs and becomes very 

rotuberant, as in the foregoing experiment, and: 
Be the very fame reafons: the glafs being removed, 
the part is immediately wounded by a fcarificator, 
which is a kind of lancet with many points, The 
glafs is then heated a fecond time, and applied as 
before; blood and ferofities are by the external 
preffure of the air forced from the wounded veffels 
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and drawn fufficient, another is applied, till the 
intended quantity is drawn off. 

The beft way of cupping is by the exhaufting . 
fyringe. , 
* Tt muft be evident from what you have feen,. 
“that the preffure will be greater and more fenfible, 

in proportion as the mouth or opening of the re- 
ceiver is larger, and confequently you will find 
that your hand will be more firmly attached to 
the receiver, than your thumb will be to this hole 
in the plate of the pump. : 

I have tied the neck of a bladder to a ftop- 
cock, which I fhall {crew to the plate of the 
‘pump, and exhauft the air from the bladder; I 
now turn the ftop-cock to prevent the re-entrance 
of the air, and then unfcrew the whole from the 
pump. ‘The bladder is transformed into two flat 
fkins, fo clofely applied together, that the ftrongeft 
man cannot raife one of them half an inch from 
the other. hen the bladders form the area of a 

“circle fix inches diameter, cach fide is preffed 
down upon it’s fellow with a force equal to 396 
pounds. 

This experiment is elegantly illuftrated by the 
hemifpheres, which are vfually termed the Mag- 
deburg Hesnfpheres, (fig. 20, pl. 1,) as being the in- 

_ vention of Otto de Gucricke, of Magdeburg. I 
apply thefe hemifpheres together, with an oiled 
leather at the place where they fhut; they are now 
eafily feparated, and will moft probably fall afun- 
der by their own weight. I {crew them to the 
pump, turn the ftop-cock, and then exhauft the 
air from between them; they now (as you find) 
adhere ftrongly together, with a force which re- 
quires about 15 pounds for every fyuare inch in 
the circle. If the air be re-admitted, they will 
fall afunder as before, for the air reftores the 
equilibrium; before it’s admittance, the action 

C2 ; within 
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within was weaker than the action from witheus, 
and the effect ceafes as foon asthe former is made 
equal to the latter. 

To thew this in another way, I exhauft the 
hemifpheres as before, turn the cock to prevertt 
the re-entrance of the air, then fufpend them ts 
this hook under the receiver, and place the whole 
on the pump. What do you think will be the 
confequence, if I exhauft the air from the re+ 
ceiver? You know they are kept together by the 
air that incompaffes them inthe receiver, If then 
I fhould take away this air, there will be nothing 
to oppofe their coming afunder. I have exhauftcd 
the air from about them, and you fee with what 
eafe they are feparated. ; 

This {mall inftrument (fig. 22, pl. 1,) isa mo- 
-dcl on afmall fcale of a common water pump, 
and will ferve to fhew you why at every ftroke of 
the common pump, the water in the well rifes 
in the pipe below till it arrives at the ciftern, 
and then runs out. The brafs tube reprefents the 
barrel of the pump, the lower tube the pipe, and 
the water in the bafon that of the well. I raife 
the pifton, aad you {ce the water follows it, rifing 
at every ftroke till it has reached the ciftern anc 
then runs out. . To fhew:you that this effect arifes 
from the preffure of the air, I place the pump on 
this receiver, and put it with the jar of water on 
the plate ofthe air-pump; I draw out all the air 
from the receiver, and then raife and work the pif- 
ton, but the water docs not rife, as there is no pref 
fure of air to produce that effect; a clear proof alfo 
that pumps do not aff by fuction. 

‘This plate and ftop-cock is called a tranf— 
ferrer. (jig. 12, pl. 2.) Ufcrew the fRop-cock to 
the pump, and then this pipe on the plate of the 


ay 


Nature and Propertizs or Arr. LS a 


air from the receiver, and then turn the ftop- 
cock to prevent the re-entrance of the air; now 
unfcrew the whole, and hold it over the pail of 
water, fo that the mouth of the ftop-cock may be 
under water ; turn the ftop-cock, and the preffure 
of the air will force up the water into the receiver, 
and form’a very pleafing fountain. 

Other experiments will confirm what you 
have already feen, by fhewing you that a quantity 
of a fluid as heavy as water will not fink in the 
atmofphcre, unlefs the air have liberty to prefs an 
it’s upper furface. : 

lilip a piece’of paper on the mouth of this 
conical glafs which is filled with waters I then 
‘apply my hand to the top of the glafs, and invert 
it: 1 withdraw my hand, the water remains in 
the glafs fupported by the preffure that the air 
exercifes upwards. The fides of the inverted glafs 
prevent the air from preffing on the upper part; 
but it has free accefs underneath, and it’s preffure 
is evident by the concavity of the paper, The, 
water refts on the paper as a common bafe, ‘which 
keeps the furface uniform, and prevents the water 
from ofcifating, and thus forming a paffage for 
the air; becaufe when one part of the column of 
water becomes longer than the reft, it is heavier, 
and therefore defcends ; by this means the air gets 
room to afcend in the place of the defcending wa- 
ter, anda general preffure taking place, the glafs 
is cn deprived of it’s contents. ; 

Upon this principle this fountain acts, the 
upper part or receiver (fig. 5, pl. 2,) is hollow, 
having a pipe (c) foldered therein, which reaches 
nearly to the top, on which being thruft into a 
wire focket it refts; it is filled by this pipe when 
inverted: on the under part of the refervoir are 
feveral {mall tubes, through which the water will 
flow on the admiffion of air. ‘The bottom part is 
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hollow to receive the water flowing from thefe 
tubes, which it does through a fmall hole placed 
immediately under the orifice of the middle pipe ; 
the area of this hole is fomewhat fmaller than that 
of all the fmall Holes taken together; when. thefe 
therefore all run, they will yicid more water thart 
can be received in any given time. This will 
caufe the water to rife in the bafon, fo as fre- 
quently to cover the end of the middle pipe; this 
prevents the entrance of the air, and takes off it’s 
pxeffure from the furface of the water in the re- 
fervoir, which prevents the defcent of the fluid 
through the fmall tubes till the water at bottom 
has run off, and left a free paflage for the air. 
By obferving this circumftance, you may eafily 

ive the word of command, and fay when it fhall 

op, and when go on; this machine is called the 
fountain of command. — 

There are a number of fmall holes in this tin 
veffel; the mouth is not more than 4 of an 
inchin diameter. Plungethe veffel in water, and 
when it is full cork it up, and take it out of the 
water; fo long as the veffel remains corked, no 

* water will come out; butas foon as the air has ac- 
cefs tothe upper furface, which it will have on 
your taking out the cork, the water will iffue from 
the fmall holes at the bottom. 

I cannot difmifs this part of our fubject, with- 
out explaining a little inftrument called the anti-~ 
guggler, (fi. 4, pl. 2,) formerly much ufed for de» 
canting of liquors liable to fediment. 

As you have feen the neceffity of the air’s up~ 
per preflure, to promote the eafy and uniform flux 
of fluids from clofe veffels, commonly called giv- 
ing ikem vent ; you will not be furprized, that in 
decanting liquors where this upper preflure is 
wanting, there fhould happen a kind of ftrug~ 
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‘greater gravity to iffue forth, and the air endea~ 
vouring to prevent it by it’s repreffure; hence 
fuch a convulfive mation is often produced in the 
body of the liquor as to render it foul. To 
prevent this inconvenience, the anti-guggler was 
invented; it confifts of a crooked tube of metal, 
fo bent, as to be eafily introduced into the neck 
of moft bottles. 

To ufe this inftrument with fuccefs, the bot- 
tle containing the liquor to be decanted, is to bein- 
clined a little to one fide. Let afmall quantity of 
liquor run off, half a fpoonful perhaps; to anfwer 
this, an adequate quantity of air will enter through 
the neck with a kind of glub, and rife into the 

‘ -upper part of the bole ; with your fore finger on. 
the ring (c), and your thumb held clofe to the 
neck of the pipe (A), introduce the machine into 
the neck of the bottle, thrgtting it quite through 
the body of the liquor till"the end (B) reaches, . 
or is very near the bubble of air before admitted ; 
in doing this, the liquor cannot enter into the tubé 
on.account of the inclofed air, which is prevent- 
ed from efcaping by the thumb. ‘Take off your 
thumb, and an immediate vent will be given to 
the bottle, and the liquor will flow out fteadily 
and unconvulfed. : 

Our next experiment will be with a/yringe and 
aleaden weight, (fig.9, pl.t,) at the bottom. Thepif- 

’ ton of this fyringe isdifferent fromthat of a common 
one, as it has no hole through it, nor valve; it is 
called a folid pifton. If therefore I place the pif- 
ton at the bottom of the fyringe, fcrew on the 

“lead weight with a piece of leather to prevent any 
air getting in, and then lift up the pifton; it is 
evident that it leaves a vacuum below it :—let us 
fee the confequence. I let go the pifton, and it 
flies rapidly to the bottom on account of the air’s 
preflure upon it, fo that the pifton and the lead 
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weight are kept together by the preffure of the 
external air. I fhall now fufpend it under a re- 
ceiver ; upon exhaufting the air, and leffening it’s 
force on the fyringe, the weight of the lead will 
caufe the fyringe to defcend from the pifton, and 
that lower in proportion as the air is more ex~ 
haufted ; on letting in the air, it forces the fyringe 
up again to the pifton. 

every experiment you have feen has furnifhed 
inftruction, and though fome may at firft fight 
appear of but fmall importance, their value will 
be evident when you come to other branches of 
fcience. Here is a large piece of cork pending 
from one end of a ballance beam, a fmall piece of 
iead is at the other end of the beam, the lead ra- - 
ther preponderates over the cork; let us place this 
apparatus under a receiver on the pump; when 
the air is exhaufted, you will find the cork which 
now-feems the lighteft, proves the heavier body, 


‘and preponderates the lead. I have only moved 


,the winch twice, and you fee that the cork and 
lead are in perfectequilibrium ; as 1 exhautt the air, 
you fee the cork preponderate the lead as far as the 
beam will admit; you will hercafter fee many expe- 


:, iments to prove, that bodies moving ina fluid meet 


with a refiftance from it; and that in proportion as 
their bulkis larger thanan cqual bulk of thefluid. The 
air is a fluid; and the cork of equal weight with 
the lead being many times larger in bulk, will 
meet with fo much more refiftance from the air; 
this refiftance will oppofe a defcent of the cork 
more than it does that of the lead, and will con- 
fequently diminith more of it’s weight. Hence 
when the weights are equal in air, it mutt follow, 


“ that when it is taken away, the larger bulk of 


cork which was before refifted, will prove the 
heavier body, as you have feen in the prefent in~ 
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A pair of common bellows is a philofophical 
inftrument. I have ftopped the vents or apertures, 
of this, and you will now find it very difficult to 
open the bellows; this difficulty arifes from the 
weight of air on the boards, which will be removed . 
~ as foon as ] unftop the vents, and let the air get in. 
When the upper part of the bellows is lifted up, the 
body of air is lifted up from the lower part, and 
theairrufhes in at the vent at bottom to fill up the 
{pace between. the two boards. When] deprefs the, 
upper board, the air prefles againft it, and thugs the 
valve at the vent, and not being able to efcape that : 
way, is forced with rapidity through the narrow hele 
of the pipe, and being directed to the fire makes it’ 
. burn brifkly. : test hae 

By the preffure of the air, the fuction of anie. 
mals is explained. When a child fucks ‘at’ the, 
breaft, it performs by a natural and eafy mechanifig,-; 
what we perform by our machines in an pales § 
and laboriousmanner, When the mouth is applie 
to the breaft, the child drawsin it’s breath, then ftopeé- 
the entrance into the mouth by the noftril, and: 
fqueezes the nipple between his lips; the entrance } 
of the air being excluded, and a vacuum made, the 
preilitre of the air upon the mother’s breaft gid 
force the milk into the mouth, as longas the ehild 
continues to carry it off, and preferves by it’s tongug. 
the vacuum,* . 

Sucking and {wallowing are very complex 
operations. Anatomifts defcribe about thirty pair, 
of mufcles that muft be employed at every draught 
of thofe mufcles every one muft be ferved by it’s 
proper nerve, and can make no exertion but by 
fome influence communicated by the nerve. ‘Fhe’ 
exertion of all thofe mufcles and nerves is not.fimul- 
tancous, they muft fucceed each other ina certain 
order ;. and their order is no lefs neceffary than the 
exertion itfelf. This regular train of operations is 
carriedy 
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carried on according to the niceft rules of art, by 
+the infant who has neither art, nor {cience, nor 
experience, nor habit. : 

I have now fhewn you'with what powers of 
refiftance the air is endowed, it’s comparative 
weight with that of other bodies, and the amazing ° 
force of this weight: this knowledge has enabled 
us to explain feveral of the common phenomena 
which are continually occurring to us. The fur- 
ther you advance, the more you will comprehend, 
till at laft wherever you ga you will meet with ob. 

«jects of information... Arts, manufactures, com- 
merce, laws, civil government, the order and 
~happinefs of fociety, are the refult of knowledge 
and fcience, and participate in their improvement, 
and together with them make advances towards 
perfection, or fink intobarbarian darknefs. ‘Though 
‘young in years, you are put in poffeffion of facts, of 
which the fages of antiquity were ignorant. The 
philofophers of the early ages, like the « children 
of the world,” were amufed and fatisfied with the 
ob{curity of bypothe/is, and the ilufions of conjecure ; 
‘but the world rifing in years and in wifdom, rejects 
*fach methods of philofophifing, and confiding in 
Sethe alone, is enabled to interpret the operations in 
“mgture, and draw afide her veil.* Indeed the 
Almighty teaches and inftructs us in the éavifible 
things of himfelf, no otherwife than through the 
medium of the things that are made; and therefore 
he firft gave us the knowledge of the natural world, 
‘that through it we might attain to that of the fpi- 
ritual, The foot of the ladder was Ict down to earth, 
that we thercon might afcend to heaven. 


* Sir J. Pringle’s Difcourles, + Bp, of Norwich, 
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if is of the utmoft importance to yout real ad-+ 
vancement in fcience, to avoid every fource of — 
‘error, or whatever may lead you to form an errow ~ 
neous judgment. Now a true judgment can only 
be obtained by a profound view of nature, and 
ftriét examination into the mutual connections and: + 
dependencies of things; you will hence fee the ne¥ 
ceffity of {trict and accurate examination, of time ° 
to acquire the requifite knowledge, and of atten * 
tion to comprehend it: for among the various 
fources of error, we may reckon the precipitatiogt ” 
of our judgment, and a prefumptuous. ignorance as- 
the principal. From thefe, as from a_fruitfuk 
fpring, arife obftinacy in error, and refiftance ta’ 
truck. A prefumptuous and untractable difpofitiog:. 
is not fitted to receive inftruction: it is a ftubborm:; 
and ftony foil on which the feed fown is intirely*: 
Joft, never producing fruit. Prefumption ant. 
prejudice are two of the great fources of humatr . 
infelicity, and yet we are too apt to indulge bork 
in all the objects of our wil] and judgment, the cone; 
fequences of which is our frequent mifcarti 
in the purfuits both of happine/s and knowledge. 
Mankind are always ready to adopt or reje.. 
what accords with pre-conceived opinions, to make 
reafon fubfervient to prejudice, and to reject with - 
dut examination, whatever is difcordant with a. 
received fyftem; thus clofing the door of fcience,:’ 
and excluding themfelves from the benefit of light, 
We are told of a Florentine philofopher, whofe prea: 
judices had taken fo deep root, that he could never 
be perfuaded to look through one of Galileo’s te~ 
lefcopes, left he thould fee. fomething in the hea~ 
vens that might difturb his belief of the Ariftotelian 
philofophy. =f : 
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The principal and fureft ftep towards rhe 
pofleffion of the good we feek, is dur love of and 
affection for the object; this quickens induftry, and 
fharpens attention; fo that the love of truth is the 
beft means of fucceeding inthe fearch of it. There 
is hardly any one who fufpects he wants this love, © 
and yet how few are there whom their confidence 
does not deceive. We miftake the love of our 
opinions for the love of truth, becaufe we fuppofe 
eur ownopinions to betrue ; andyet for the moft part 
“they have been received upon credit, and are con- 
* fequently morc likelyto be falfe. The love of our 
“@pinions is in this cafe the love of error, and the 
. affections being mifplaced are a greater impediment 
in the purfuit of truth, than if we had no affec- 
tions at all concerning it. 
‘~ You fhould, therefore, fet out in the fearch 
“of truth as of a ftranger, not in {earch of arguments 
to fupport your own opinions, and endeavour to 
- maintain your mind in a ftate of equilibrium, an 
indifference for every thing but known and well 
attefted truth, totally regardlefs of the place from 
whence it comes, or that to which it tends; being 
fully perfuaded that srutb, no more than it’s author, 
faa fink to the level of our ignorance; but that by, 
a proper cultivation of our reafon we may rife to 
‘truth, may reach it’s fublimeft height, it’s refidence 
near the footitool of the Almighty.* , 


. 
Y 


Or tie Baromcter on TorRIceLLIaAN VacuuM,° 





+ An account of the origin of the barometer will 
be a ftrong confirmation of the truth of thefe pofi- 

. tions; it’s hiftory is fo connected with that of found 
philofophy, that the one naturally recalls the other 
tothe mind. The torricellian experiment on which, 
it is founded, like a river {mall in it’s origin, but 
large 


* Warburton, vol, 5, fer. 4, 
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large in it’s progrefs, has been the happy means ~ 
of fpreading light through nations who are even, 
yet ignorant of it’s name, and been productive of 
benefits to thofe who are unacquainted with it’s 

* principles. ; 

Till the laft century, mankind, though loaded . 
and compreffed by the weight of the atmofphere, : 
refufed to acknowledge it’s action. In vain all na~ 
ture depofed that the air was heavy and elaftic, 
they fhut their eyes to it’s teftimony. Water was: 
raifed in pumps, and ran through fyphons in far=. 4 
mer times as at prefent. The fides of a pair..of 
bellows, whofe apertures are clofed, were thety ag * 
now feparated with difficulty, children fucked, the - 
air entered rapidly into the hings at each infpiraz 
tion, cupping glaffes were ufed to raife the fleth; . 
yet notwithftanding thefe manifeft proofs of the, 
weight of the air, ancient philofophers maintained 
that it bad no weight, exerted nogpreffuve ; and exz = 
plained all thefe phenomena by a horror which they 
fuppofed nature to have for a vacuum, contenting 
themfelves with thinking after Ariftotle, that nature | 
hated a void, and therefore made all poffible hafte : 
to fill it, when the art of man had made one: 
This is not the only inftance that will occur in your’ 
refearches after truth, in which you will find words 
alone, {eparated from the ideas annexed to them, and 
from all explication of the operation which they 
effect, have been imagined fufficient to account for , 
phyfical phenomena, though they leave us as defti-~ 
tute of all information as we were before we ufed . 
them, 

You will be more furprized that mankind 
fhould continue’ in error, after they had perceived 
and acknowledged that this horror had it’s limits. 
It was not, however, till the 17th century, that they 
began to try what were the boundaries of this 
horror. 

Some 
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Some plumbers belonging to the Duke of Flo+ 
rence, wanting to raife water 50 or 60 feet high, 
endeavoured to cifect it by what is calleda common 
fucking pump; notwithftanding they ufed ail pof- 
fible care in the conftruction, they could not raife ' 


water higher than 32 feet. Tired out with repeated 


trials, they applied to Galileo, one of the fathers of 
modern philofophy, for a folution of their difficul- 
ties: for if the water rofe on account of nature’s 


“horror fora vacuum, it would follow that water 


might be raifed to any altitude, for why fhould na- 


‘ture have a greater averfion to one height, than to 


another? it was thetefore confidently afferted by 
fome who had embraced this opinion, that it might 


“be raifed ad libitum. Galileo, who had hitherto 


contented himfelf with the common notion of 


mature’s abhorrence of a vacuum, now acknow- 
‘ Jedged that this horror had it’s limits, and with this” 


he contented himfelf. Galileo had found tha. ~ 
airhad weight, but the difcovery of it’s preffure 
was referved for Torricellius. 

When we confider the abilities of Galileo, and 
reflect on his various difcovcries, as of the ifochroni~ 


-eal vibrations of the pendulum, the laws of falling 


* bodies, &c. we are furprized that he fhould fail in 


one apparently more evident, aad whofe bounda- 
rieshe fo nearly approached. How great muft be 
the force of prejudice, which could have fuch i in- 
fluence on a mind like that of Galileo! 

But mankind had now, for more than a thou- 
fand years, looked up to drifotle as an oracle in 
philofophy. His authority was the teft of truth; 
it was a philofophy, fays Lord Bacon, fruitful of 
words, but barren of works ; admirably contrived 
to drawa veil over ignorance, and put a ftop to the 
progrefs of knowledge, by filling men with a con- 
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mena. of nature, contrived to give learned names to 
their unknown caufes, and fed men with hufks of 

arbarous terms, inftead of the fruits of real know~ 
ledge.* At length men grew wifer by the folly of 
thofe that went before them,. and a different me~ 
thod of ftudying nature was invented and purfued; . 
in which fancy was excluded, and fact only allowed, 
for a folid ground of phyfical progreffion. 

The difcovery of the darometer by Toricellius 
in 1643, was one of the firlt effects of thefe re.- 
fearches. He formed the firft rough model of a » 
barometer in a pipe, or tube of 60, and afterwards 
of 40 feet in length; which being immerged and 
fufpended ina veffel of water, and the air extracted 
by a fyringe, the water was always found to rife and 
continue fufpended at the height of 32 or 33 feet,- 
with fome {mall variation, but could by no art be — 
drawn, or kept up to the height of 38 or 40 feet, 
oft sBut this inftrument being of an unmanage. 
able length and fize, Torricellius- confidered that; 
the quickfilver endeavours to de{cend by it’s gra~ 
vity, with a force equal to that by which it’s de. 
fcent is prevented; and comparing the fpecific gra- 
vities of the two fluids, and filling a tube of glafs 
with quickfilver inftead of water, he found the ef. 
fect equally and furprizingly to anfwer, and by the . 
advantage of fo weighty a fluid, he reduced the ba. 
rometer in it’s length from 40 feet to 32 inches; 
the water being raifed as much higher as it was 
lighter than the mercury. Hence Torricelliug 
concluded, that they were both fupported by the 
fame comtcr-weighi, and that this counterpoize 
was the air ; and you will fee by other experiments, 
that when this counterpoize, or the external pref 
fure of the aix, is removed, the mercury falls into 
the bafon. rae 
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To fill a barometer tube. I takea clean warm 
glafs tube about 33 inches long, and pour quick- 
filver into it by means of a {mall paper funnel; you 
obferve, that as the quickfilver rifes in the tube, 
there are bubbles of air left behind in feveral parts ; * 

-I continue pouring the quickfilver till it fills the 
tube within about halfan inch of the top. I then apply 
my finger hard and clofe upon the top of the tube, 
and invertit; by which means the air that was on 
the top, now rifing through all the quickfilver, ga- 
thers every bubble in.it’s way. 1 revert the tube or 
turn it up again, and the bubble of air reafcends, 
and if thereare any Mall bubbles left, carries them 
away; if however any remain, the operation muft 

)be repeated. I now fill the tube to the top, 
and placing my finger on the open end of the tube, 
plunge that end into this bafon of quickfilver; when 
the end of the tube is perfectly fubmerged in the 
.quickfilver, I take my finger away, and you fee the 
quickfilver remains fufpended in the tube, leaving 
a vacuum at top. The column of quickfilver is 
about 30 inches in height, now you will obferve 
that there can be no air in the fpace between the 

squickfilverand the top of the tube, for till the fin- 
ger that clofed the orifice in the bafon was taken 
away, that fpace was filled with quickfilver, and 
the quickfilver which was 33 inches high, funk 
in the tube, and left that fpace free from air, for 
no air could get into the tube, unlefs it could 
force it’s way through the quickfilver inthe bafon, 
and the 30 inches in the tube; or penetrate 
through the fealed end of the tube: but as neither 
of thofe can be done, it follows, that in the part of 
the tube which the quickfilver leaves, there muft 
be a vacuum. 

This experiment was foon communicated to 
the literati of Europe, who led by the bright exam- 
ples of Galileo and Bacon, were then juit emierpine 
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from the darknefs of the fchools, ‘and in queft of 
new difcoveries. Among others it had the happinefs ” 
of engaging the attention of the defervedly cele- 
brated Pa/cal, a man who was as remarkable for 
unfeigned piety, as for extent of genius. . He foon 
tendered evident, what had as yet been confidered 
only as probable. His experiments are too nume= 
rous to be inferted here : there is one however which 

‘muft be noticed, not only becaufe it is a fatisfac- 
tory proof, that the preflure of the air fupports the 
mercurial column in the barometer, but alfo be-< 
caufe it pointed out a very important ufe of this 

inftrument,’ namely, that of me&furing the heights - 

“of mountains. As’ there is always fomething to be 

“gained by hearing Pafcal {peak for himfelf, I fhall 
read to you a letter he wrote in 1647, to Mr. Per-' 
rier his brother-in-law. «I have thought,” fays he, 
“ ofan experiment, which, if it can be executed with 
accuracy, will alone be fufficient to elucidate this 
fubject. It is to repeat the torricellian experiment 

. feveral times in the fame day, with the fame tube 

. and the fame mercury, fometimes at the foot, fome- 
times at the fummit ofa mountain § or 600 fathoms 
inheight. By this means we fhall afcertain,- whether 
the mercury in the tube will be at the fame ora 
different height at each of thefe ftations. You per- 
ceive without doubt that this experiment is deci- 

‘ five. For if the column of mercury be lower at 
thetop of the hill, than at the bafe, as I think it 
will, it clearly follows that the preflure of the air 

| is the fole‘caufe of.the fufpenfion of the mercury 

_.in the tube, and not the horror of a vacuum; as it 
is evident tatre 7s a‘longer column of air at the bots 

: tom of ‘the hill, than'at the top: but it would be> 

' abfurd to fuppofe, that. nature abhors a vacuum 
more at the bate, than at the fummit of a hill. For 
ifthe fufpen‘ion of che mercury in the tube is-ow- 
ing to the préilre of the’ais,, it if plain it muft be 
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equal to a ‘column of ais, whofe diameter is the 
fame with that of the mercurial column, and whofe 
height is equal to that of the atmofphere, from the. 
furface of the mercury inthe bafon. Now the bafe 
remaining the fame, it is evident the preffure will, 
be in proportion to the height of the coluran, and. 
that the higher the column of the air is, the longer. 
will be the column of mercury that will be fuftained. 
M. Perrier tried this experiment on the Puide Dome 
in the manner prefcribed by M. Pafcal, whofe con~ 
jeQures it perfectly verified, for the mercury in the 
barometer fell in proportion as M. Perrier afcen-: 
- ded the mountain... ‘ 

Other psoofs af the fame truth are pleafingh- 
obtained from the air-pump: for by this inftrument 
we can fhew what will happen when the preffure 
of the air is removed. from the barometer. For 
this purpofe I place this barometer on the plate of 
the pump, putting a long receiver over it. (fig. 11y 
pl. 3.) Lbegin working the pump, and you fee 
the mercury immediately defcends, and that it con~ 
tinues defcending in the tube, and going into the 
jar all the while Tam exhaufting the air; when: 
there is no air left, there is no mercury fufpended. 
A column of 30 inches was fufpended whillt the air 
preffed freely on the mercury 5 but this height de~ 
creafed as the preflure grew lefs, and none is fup- 
ported when that preflure is removed. The pref- 
{ure of the air being the power by which the mer- 
eury is fuftained in the barometer, it is a confe~ 
quence thaton the removal of the air from the mer- 
cury’s furface, the mercury in the tube muft de- 
fcend. It is plain that it is the weight of the air 
that fupports the mercurial column. This conclu- 
fion is confirmed by the readmiffion of the air into 
the receiver ; for on my doing this, you fee that the 
mercury which had before fallen out, is now pref= 
fed into the tube, and rifes therein till it ftands 

2: os age” 
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again at it’s former height. A barometer inclu. 
ded in the receiver of an air-pump, is of great ufe 
in afcertaining the preffure of the air remaining 
in it after having been partly exhaufted. For this 
preflure will always be to the preffure of the at- 
mofphere on a given furface, as the height of the 
mercury in the tube is to the ftandard altitude. 
The barometer when applied to this ufe is called 
a guage. There is another kind of guage, (A, fiz. 2, 
‘pl. 1,) confifting of a fhort tube hermetically 
fealed at one end, filled with guickfilver, and ine 
yerted with the open end into’a fmall jar of quick-. 
filver, and placed on a fmall plate communicating 


“with the receiver. Now as the barometer fhews 
the degree of exhauttion by it’s rifing, fo this guagé 
fhews how far the air is exhaufted by the defcent 
of the quickfilver: for as the air is drawn out of.‘ 
the receiver, it is atthe fame time drawn out of 
the glafs placed over the guage, and confequently . 
it’s preffure on the quickfilver in the bafon being. 
conftantly diminifhed, it will at length: become, 
lefs than the weight of the mercury in the tube, 
at which time the mercury will begin to fubfide ; and 
as the air is further exhaufted, will ftill fink lower, 
till at laft it will ftand but a very {mall height 
above the furface of that in the jar. 
I thall give you one proof ‘more by an expe- 
“ riment of fo fimple a nature, that you may eafily 
‘Tepeat it; no apparatus is required, but a glafs 
tube*open at both ends; with this, fome mercury 
anda piece of bladder, you may readily prove to 
any of your companions, the principles on which 
fo heavy a fluid as mercury remains fufpended in 
the barometer. Heré is 2 tube of glafs, about 33. 
inches iong, open at both ends; I fhall clofe one. 
of the ends with thi: piece of wet bladder, tying 
itf *whereon. Inow fill the tube as I did the 
barometer,’ pst omy fSnger.on the open end, - 
ae ar 2 Digits and 
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and immerge the end covered by my finger in this 
veffel of mercury without letting in any air; 1 
take away my finger, and you perceive that a part 
of the mercury precipitates itfelf into ‘the bafon, 
and the reft remains fufpended as in our former 
experiments. You obferve alfo, that the bladder 
is forced into the tube, being convex on the fide 
next the mercury. I fhall now make a hole inthe 


“bladder. with a fine needles you fee with what 


velocity the mercury is precipitated into the 
bafon ; the column of air that entered. at the 
top, being equal to that by which the mercury 
rwas fufpended, the mercury defcends by it’s own 
weight. ee 
« | Though thefe experiments render this fubject™ 
fo plain and evident, yet on it’s firft difcovery, it 
had to.ftruggle with the’ prejudices of thofe who 
had been accuftomed to think only in a certain 
fyftematic way,and who could notbeprevailedon to 
abandon their favourite opinions. The various 


“fubterfuges employed at this period, and their con- 


futations, ‘may be fcen in the works of Pafcal, 


“Boyle, and Power. .By degrees, however, the ex~ 


~ periment. you have feen foftened ancient preju- 
- dices, the prepoffeffions in favour of an abfurd 
“"fyftem vanifhed, and the weak opinion by which 


ee 


the multitude is governed, began to lofe it’s in- 
fluence. ‘ e - I 
You have feen the preffure of the air down~ 
wards; I fhallnow fhew you the action of this pref- 
fure in different directions, for like other fluids 


" it preffes equally every way, I have here’ a tube 


_ for the torricellian experiment with a lateral open- 


ing covered by a bladders I fili and invert it, as 


“inthe preceding cafes, and you fee the mercury 


remains fufpended as before; I pierce the bladder, 

and the air which enters by this ‘aperture, -di- 

vides the column ‘of mercury into fwo_ party, 
: forcing - 


j 
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forcing ‘one- downwards into the bafort'and 
carrying the other upwards with great violence 
againft the top of the tube; thus fhewing you the 
action of the ait in two different directions. ; 
, _, Hereisa barometer properly filled, and immér= _ 
fed in a bafon of mercury ; the bafon is fo deep, that 
you may lift the tube up a good way, without 


raifing the lower orifice above the furface of the 


mercury; you will find that on_ lifting the tube 
you raife a weight equal to that of the column of | 
mercury fuftained in it. That this is not the 
weight of the mercury, is evident from this con« 
fideration, that in lifting the tube you do not raife 
the mercury, the tube rifes by itfelf, and flips over 
the column of mercury contained in it; the top 
of this column being no further from the furface 
of the ftagnant mercury after you have lifted up _ 


"the tube, than it was before. Neither indeed ought 


the weight of the mercury in the tube to be felt ; 
for the preflure of the atmofphere upwards fupports | 
that weight. But as the preffure upwards is thus 
counterpoized by the mercury in the tube, ‘there . 
is nothing to fupport and counteract the Weight 
of the column of air which preffes downwards upon: 
the top of the tube. ' This preffure will therefgre 
be felt in lifting the tube, and as it. is equal to. 
the weight of 30 inches of mercury, lifting this 
preflure is, as to fenfe, juft the fame as lifting the’ 
weight of mercury in the tube: a ae 
From thefe experiments it is eviderit, that the . 
furface of the’globe on which we live fuftains an 
ocean of air, that is circumfufed about it toa cen-— 
fiderable height. ‘The inhabitants on it’s furface 
refemble therefore the fifhesat,the bottom of the’ 
ocean; lke then: we are furrounded by a fluid that 
nifes far above our heads. “) ee SF 
_ A fGuare coluam of. quickfilver 29 ¢ inches , 
high, and 1 inch in @ameier,. is eftimated to weigh 
m , ; 3 |... 15 pounds, 
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‘15 pounds: Such then ata medium, is the: pref- 
fure of the air on every fquare inch of the carth’s 
furface; and asa fquare foot contains 144 {quare 
inches, the’ preffure muft be 144 times as much, 
or 2160 pounds on every {quare foot; fo that a 
middle fized man, whofe furface may be eftimated 
at 14 fquare feet, fuftains a preffure of 30249 
pounds. 2 


of all the air which preffes upon the whole furface 
of the earth. . If this weight were to be ex- 
preffed by the number of pounds it contains, that 
number would be fo large as to be in a manner in- 
-comprehenfible. We fhall therefore make ufe of 


another mode of expreffing it, by determining the * 


diameter of a {phere of lead of the fame weight 
with all the air which preffes upon the whole fur- 
‘face of the earth. ‘That diameter is found to be 
nearly 60 miles long.* Great as this preffure is, 
the removal th¢reof would prove a caufe of im- 
mediate death. "We even as it were enjoy the 
load, and “ it is as wings to our feet, and finews 
to our limbs.’? Sounds travel through it with 
great rapidity; odours and emanations of all kinds 
find no difficulty in maving it forward, and prefling 
it afide, 

Though our bodies fupport a weight of nearly 
two tons, you need not wonder at the freedom with 
which you traverfe the atmofphere, fince you fee 
fith move with-as great eafe ina much more denfeé 
and more weighty element. You are not fenfible 
of this enormous weight, becaufe you have been 
accuftomed ta it, and fupported it from your ear- 
left infancy. Senfations to which we have been 
always and at all times accuftomed, are feldom 
felt; we can perceive no differences where we can 
have no ftandard to judge of variation. Divine 

. Providence has alfo counteracted this preffure 
‘Cote’s Hydroftatical Le€ture, p. 9.4. z 4 


The following is a computation of the weight ' 
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by the fpringof the air which is diffufed through 
the whole body. We therefore do not feel the 
weight of the incumbent atmofphere ; firft, becaufe 
it is counteracted, and fecondly, becaufe it has al- 
ways acted upon us, and we cannot remove from 
it’s preflure. . ; 


* 


Or rue Evasticity or Spainc or THE AIR, ~ 


Air is elaftic and comprefible. It is com- 
preffible, forthe parts may be brought clofe to- 
gether, and made to occupy a fmaller fpace ; but 
when that force is removed, it expands or {prings 
out again, fo as to occupy the fame fpace it did 

_ before it was compreffed,. This property difcri- 
ninates air from many other fluids; thus a quan- 
tity ef water, mercury, &c. of any given magni. - 
tude,gcan never be reduced in it’s dimenfions fo 

‘as to occupy a fmaller portion of fpace; whereas. 
air will by compreffion futfer a very great dimi- 
nution of it’s bulk. In other werds the air con- 
fifts of, or at leaft abounds with; parts of fuch a 
nature, that in cafe they be comprefied, and there- 
by reduced into leffer dimenfions, either by the 
weight of the incumbent atsiofphere, or by any: 
other force, they endeavour as much as in them 
lies to free themfelves from that preffure, and re- 
gain their former dimenfions by bearing againft 
the contiguous bodies that keep them in. This 
propenfity may: be illuftrated by a comparifon.. 
Here is a handful of wool which 1 prefs clofe to- 
gether, and reduce into a fmall compafs; I open 
my hand, and it recovers it’s former bulk from the 
natural {pring of the fibres. ‘The air is always 
compreffed by it’s own weight, and the expanfion 
ef the contiguous air: confequently the air in a 
walley is more compreffed than that on the top of 
a mountain. It may therefore be comparcd tg 

- gnany fleeces of wool laid one upon the other; it” 

~“ Pa -* is 
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is evident that as the lower ftrata, fupport-the 
weight’of the fuperior ones, they will be more 
loaded than the upper ones, and will confequently 
be flattened, and have lefs bulk with the fame 
mafs, and therefore be more denfe or compact. 
The denfity of the next upwards will be lefs, be~ 


_caufe it will fupport lets weight, and fo of, the 


, 


remainder. It is thus alfo with air. 5 

.-. To fhew you that the air is elaftic, I have no 
occafion for any inftrument, as it will be fuffi- 
ciently, proved by your only preffing this bladder 
between your hands. You find that the force you 
exert, reduces the air contained in the bladder intc 
a lefs fpace, but that as foon as you ceafe to prefs, 
it immedidtely expands and fills the fame fpace ag 


_ before... You may even perceive, while you com 


prefs it; a very great endeavour to free itfelf from 
the violence you offer toit. ©) 0 

' The elafticity of the air, the fecond great 
fource of the effects of this important fluid, was 
firft afcertained by fome experiments of Lord Ba- 
on, the friend and father of mi tern phildfophy, 
who upon:this principle conftruéted his firft cher-= 
amometer, which he-called his vitrum calendare. 
\_. _In confequence of this elaftic principle, the 
air always endeavours to expand itfelf, and oc~ 
cupy more fpace. Here is 4 bladder containing 
only a {mall quantity of air, the neck is tied clofe 
zo prevent the air from efcaping ; fo long’as this 
bladder is expofed to the common preffure or the 
atmofphere, it will remain in the fame ftate, the 
external and-internal air being of the fame den~ 
fity ; but when I put it under this receiver, and be- 
gin to rarify the external air by working the pump, 
the iide of the bladder,- which before was flabby 
and lax, ftretches. itfelf out and becomes tight, 
being raifed-up by-thé claftic power of the air 
within it. Gigv-1o, plei.).° When Let in the: 
ce er i cen, 22 *2 cag ae te ee ternal 
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fertial air, the Bladder returns to it’s former 
‘hape, the external air prefling down the bladder 
till the internal air is reduced to a denfity capas 
‘ble ef counteracting and fupporting the whole 
weight of the atmofphere. . ; : 

' _- Though only a fmall quantity of air was con- 
tained in the bladder defigned for the preceding 
experiment, yet that {mall quantity is capable of 
raifing a confiderable weight. I put it in this box, 
‘cover it with thefe leaden weights, place it on the 
plate of the pump with a receiver over it. (fig. 6, 
pl. 2.). In ‘proportion as Iexhauft the air, the 
bladder fwells, raifing the incumbent weight ; on 
the readmiffion of the air, the weights fubfide to 
their former fituation. As you have feen fo {malt 
aquantity of air lift fo confiderable a weight, you 
will be lefs furprized when I inform you, that by 
blowing into a bladder very large weights may be 
raifed. Sturmius connected feveral bladders with 
a pipe in fuch a manner, that there was a free 
communication from the pipe to all the bladders ; 
he then placéd’% mill-ftone on the bladders, and, 
was'able to raife it fenfibly by blowing ftrongly 
with the mouth into the pipe. wa 

_» Here is a thin bottle with flat fides, there is 
a cork in the neck, and the cork is covered over 
with cement to prevent the air within the glafs 
from efcaping; I fhall place it under a recelver, 
putting this cage previoufly over it. I work the 
‘pump, “aad as foon as the air is fufficiently rarified, 
the Ipring; Of the alcwithin will dilate with fo 
much force as to bre.tk the bottle. © This expcri- 
ment has given rife'to a problem, in which the 
form of a-pliah is required capable of fo re- 








fifting the force of the included air, ag not to” 


break when ihe extcrnal preffure was taken off. 
This form was determined to be a fphere, in which 


wth the fame nafs, you have-the greateft bulk. 7 


unger 
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‘amder the Jeaft furface; confequently, a bottle of 
this form will be the ftrongeft that can be made 
out of the fame mafs or quantity of materials, 

I place this thrivelicd apple under a reeeiver, 
‘and exhauft the air therefrom; the fkin twells as 
foon as I begin to work the pump, the wrinkles 
fill up, and the apple now appears as one fret 
gathered. I Iet in the air, and it returns to it’s 

’ withered ftate. 

In the doubling of the film:at the large end 
of an egg, there is inclofed a fmall quantity of 
air; this air being dilated by the warmth .of the 
hen, preffes on the contents of the egg, and contri- 
butes to the formation and production of the 
chicken, This included air will afford us a very 

, pleating experiment, illuftrative of it’s expanfive 
“force, Let us break off about one third part of 
the fhell at the..fmall end of the egg, invert it, 
throw away the.contents, then place it under a re- 
ceiver, and exhauft the air therefrom. You fee 
that the air which is between the fhell and the 
‘fkin dilates, and {wells the fkin fo much beyond the 
broken pargy.that the. egg appears as if it were 
whole. Yos. shay vary this experiment by making a 
liteeshol...c the fmall end of an egg, then place 
itin thi pparatus with the fimall end downwards, 
snd put-the whole under a receiver with a {mail 
jar to receive the contents of the egg. On work- 
ing the pump, the air within will dilate, fo as to 
torce the white and yolk out through the hole in 
the égg. Ifthe jar be conical, and the egg be 
Jet down gradually, the whiteand yolk. will be 
forced up again on the readm#ffion of. air; or if 
thefe be thrown away, and water be fubftituted in 
their place, the infide of the egg may be wafhed, 
and afterwards in the fame manner filled with 
1 PRM See OTe eee Fa. z 
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The next experiment will thew you how naw 
turally the air will force itfelf out by it’s {pring, 
from any veffel in which it is contained, when the 
preiiure of che external air is taken away. This 
phial with a long neck is commonly called @ Bolt. 
head. J put the neck into a tumbler of water, 
and both under a receiver on the pump, (fig. 18; 
pl. 1.) By diminithing the mafs of air within the: 
receiver, I weaken proportionably the {pring 
thereof, and confequently it’s preflure upon the. 
air within the bolt-head; this difcharged of ‘a 
part of it’s weight, dilates and efcapes from the, 
bottle in the form of bubbles, which being lighter 
than water afcend through it, and burft upon it’s 
furface: this will laft till the power of ex fion 
is too weak to overcome the incumbent fire. 
Let us now. fee what will be the confequence of. 
readmitting the air into the pump, the external: 
air being more denfe than that in: the bottle, “and 
yielding to this excefs of preflure,‘the water wifl 
enter the orifice, and.-meeting with dittle or no req 
fiftance, will mount therein till the remainin, 
mafs of air is reduced to the fame denfity with the 
external air. The little bubble at ti: ‘p of the 
bolt-head, is what remained after the - ‘hauftion, 
and is now condenfed into a {mall {pace You fee 
how jimall a quantity of air remains whea com. 
pared to the whole at firft contained in the globe, 
or to the bulk of water now in it, which is equal _ 
to the quantity of air extgcted, You may per- 
ceive by this experiment, that the {pring of the 
air is equal to the weight, as it produces an equal- 
cect ; for while the {pring of the air was lefs than. 
the weight of the external air, the water Kept rifing 
in the globe; but.;when the -fpring became equal . 
to the external preflre, the water was fubje& to 
both their influence, and finding it equal on either 
fide, could no longer move, 

: Now 
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Now let us again exhauft the air from the re- 
eeiver; Ihave no fooner moved the handle than 
the water begins to defcend, the bubble of air ex- 
pands, and forces the water gradually out of the 
hottle. 

, Bythistime you may fee, that unlefs the air 
was elaftic, it could not be exhaufted out ofa clofe 
veffel. If the veffel was filled with water, and 
there was no orifice but where the pump was {crew- 
‘eon, though a vacuum be made by drawing up 
the pifton, yet no water would rife out of the veffel 
into that vacuum; for the water is raifed intoa 
by ganar by the preffure of the atmofphere upon 
the other parts of the furface. But as the veffel is 
clofe, the external air cannot prefs upon it’s furface, 

- and no‘water will rife into the vacuum, and none 
can be pumped out unlefs it firft rifes in the barrel. 

But if the veflel be filled with an elaftic fluid, it 

- dges~ not want. an external preflure to raife it, 
4for will expanditfelf by it’s own elafticity, fo that 
the fame air, which firft filled the veffel, will after 

' itis thus expanded fill both the veffel and the 

{pace in the barrel too. And.whatever part of the 
air rifes into the barrel. of the pump upon the 

, drawing up of the pifton, will be carried off by it’s 
next return. : 

Fountains may be made to play on various 
plans. I have already fhewn you one by the pref- 
fure of the air; our next experiment will be on one 
{et in action by the fprigg of the air. This bottle 
is about 2 thirds filled with water, the upper part 
is occupied by the air, the top of the glais tube is 
furnithed with a fcrew and jet, the glafs tube paffes 
through the neck of ghe.bottle, and reaches nearly 
the bottom, and is-fixed there by: the {crew on the 
upper part, which fcrews into the top of the bottle 
faasto render it air-tight, (fig. 8, p/. 2.) Place 
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ftrokes which have leffened the external preffure, you 
will give the air within an*opportunity to ex- 
pand, and thereby to force the water out through 
the glafs tube; which it does with fo much force, 
as to forma very pleafing jeg d'eau. 

Here isa finall Bacchus (fim 2, pl. 2,) feated 
ona catk witha tube preceeding from his mouth 
to the barrel; this is filled with coloured waterin 
the fame manner as che {mall fountain, fo that on 
being put under a receiver when the air is exhanf 
ted, the liquor is thrown up into his mouth, and 
the roly god feems to be at his ufual employmenk,, 
while he is drinking his belly expands, which js 
cifected by a bladder, containing a fmall quantity 
of air concealed under his thirt. Mg ieee * 

The elafticity or {pring of the air wproduces 
the fame effects that the preffure produces, becauje 
ibe [pring is equal to the compreffing force, whichan 
ordinary cafes is equivalent to the preffure of the 
air. This barometer tube is‘open at both endsz¥f 
fhall fcrew the brafs collar of the tube into’ the 
neck of this bottle; you fee that the lower: end 
of the tube is beneath the furface of the quickfil. 
ver in the bottle, and that the air above the quick~ 
filver cannot poffibly efcape, for it cannot get 
through the quickfilver into the tube, nor pais 
through the joinings at the top of the phial which 
are made air-tight. I place this apparatus on the 
pump, putting a receiver over it; at prefent the 
mercury is in a ftate of tranquillity, as nothing 
acts upon it to occafion an alteration in it’s fitua> 
tion. I exhauft the air from the receiver and 
tube, and you fee that the fpring of the air con2 
tained in the bottle preffes upoa the mercury,-and | 
will force it up nearly as high as.it was raifed: by 
the preffure of the air in che former experiments 
for as foon as the countet-weight was taken eff by 
exhauftion, the {pring exerted it’s power. 

Befare 
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Before you is a jar filled with water, in which 
area few hollow $lafs images with a glafs ball 
over their heads; this ball contains at prefent juft 
fo much water as to render the images fpecifically 
heavier than water. gf fhall place them on the 
pump, under a receiver, (fig. 13, pl. 2,) and ex- 
hauft the air, and you fee that in preportion as 
this is rarified the images rife, the air included in 
the ball dilates, and forces out a part of the water, 
and the figure and it’s balloon, now becoming 
lighter than the water, afcends; on letting in the 
air, the whole becorhes fpecifically heavier again, 
and defcends to the bottom. 

; In the foregoing experiment it was evident, 
that the {pecific weight of the bodies was diminith- 
ed by the expanfion of the air: as this fact explains 
fome common phenomena, and is applicablé to a 
variety of circumftances, I fhall endeavour to 
render it more familiar to your minds by one or 
two experiments. This bladder, containing only a 
mall quantity of air, has a piece of lead affixed to 
it of fufficient weight to fink the whcle in the 
water. 1 put it in this jar of water, and place 
them on’ the pump, under a receiver; I exhauft 
the air, the bladder expands, becomes a: balloon 
lighter than the fluid in which it floats, and 
afcends carrying the weight with it. This expe- 
riment will naturally call to your minds the air- 
balloons, which you have feen or heard of: you faw 
one in the prefent inflance aicend in water, as foon 
as it’s bulk was rendercd lighter than the fame 
bulk of water; in the other cafe, the air-balloons 
are rendered lighter than the air in which hey 

‘float, and-confequently afcend till an equilibrium 
takes place. But thefe will make the subject of a 
future lecture. 

Thave affixed juft facha weicht of lead tathic 
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it into the jar of water, and place the whole under a. 
receiver on the pump, and exhauft the air there. 
from ; you fee the air difengaging itfelf from the 
cork, rifing up in the form of little bubbles which 
yarft on the. Surface of the water; but 2 part ofthe 
air cannot efcape, the cork thercfore increafes in 
bulk, becomes fpecifically lighter than the water,:. 
and afcends therein; on readmitting the air, it . 
thrinks to it’s former bulk, and defcends to the: 
bottom of the jar. 
Timber dug out of bogs and other moift pla. 
ees, will feldom float in water, the particles of. 
water having through time and other caufes dif.: 
lodged the air from the vacuities of the wood’; 
‘hence alfo it appears, that even wood is-no ‘other. 
wite comparatively lighter than water, than'from 
the quantity of pores therein filled with air, On. 
the fame principle we account for the following. 
appearances. If a man or any animal falls into the 
water, and is drowned, the carcafe in a few daya’. 
rifes and floats on the furface. The privation of: 
life, the ftagnation of the fluids, &c. is foon fol- 
lowed by a putrid fermentation, deftroying andy 
decompofing the body. This fermentation difen— 
gages a great quantity of air, that is difleminated 
among the fluid molecules, and as this air cannot 
efcape, the body {wells till it becomes {pecifically 
lighter than the water, and rifes to it’s furface, and- 
fwims thereon. The putrefaction going on, the. 
parts give way, the air efcapes, and the body finks. 
dt di i however happens, that in the progrefs of. 
diffolytion, frefh air is generated, and the body ria? 
fes aul finks alternately according to thefe changes. « 
lhe preffure of the air is the firft great fouree. 
of it’s effects; it’s elafficity is the fecond ; by -this, 
when it ‘has intinuated itfelf into the pores of bo. 
dies, it keeps their particles in continual ofcilla~ 
tion; for the degree of heat, the gravity and denfity 
; of 
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of the air, and confequently it’s expanfion and elaf- 
ticity, never remaining the fame for the Icait mo- 
ment of time, there muft be an inceflant con- 
traction and dilatation in all bodies. a3 

This reciprocation may be obferved in feveya! 
inftances, particularly in plants; for the contained 

_airalternatcly expanding and contracting according 
to the increafe or diminution of heat, alternately 
preifes the veffels, and eafes them again, thus keep- 
ing upa perpetual motion in their juices. 

From the fame caufe the air contained in the 
bubbles of ice, by it’s continual action burfts the 

‘ice; and for the fame reafonit acts as a principal 
caufé inthe phenomena of fermentation and putre~ 
faction, 

Ina clear fun-fhiny day, you may often per~ 
ceive all the objects of nature as if trembling be- 
fore your eyes ; this is ufually afcribed to the rifing 
of vapours; but a little obfervation will foon prove 
to you,. that it is owing to the alternate expanfion 
and contraction of the air. : 

Air feems to acton the fmooth furface of the 
deaves, or the bark of the {tem of plants. If there 
be not a continual fupply of frefh air, the 
ftem runs out to a great length, is excecdingly 
{mall and weak, the leaves endeavour to fpread out 
‘toa great diftance, no impregnation takes place in 
the flowers, the proper juices are not formed, and 
the whole plant is deftroyed. 

Many conjectures have been offered, and hy- 
pothefes framed, to account for the elatticity fof the 
air. Some have compared the air to watch-fpriygs or 
hoops, which coiled up by preffure reftore tnem- 
felves again as foon as the preffure is remoyed : 
others have refembled them to flocks of wool: no- 
tions that are inadequate to the folution of the phe~ 
nomenon, and probably without foundation. Thefe 
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ject of inquiry, as the property of elafticity feems 
rather to lie in the peculiarity of the matter than 
yin the form. A piece of lead rolled up like a 
Natch-fpring, will acquire thereby no elaftic 
powsr. It is probable, that this property is ow- 
ing tc. fomething elfe befides the form or the fhape* 
of the particles. Others have attributed the elaf 
ticity of the air to a repulfive power in the parti-’ 
cles, This folution does not feem in the leaft to 
remove the difficulty ; it is faying no more, though. 
in other words, than that the particles feparate; 
the feparation or repilfion is the fact, the caufe’ 
is to be explored for the fact; that is, the expanse, 
five or {eparating force is allowed by ale, 8? 
You were aftonifhed at the tae Risto 
fire gives to water, when you faw the nt es : 
erected by Mefirs. Watts and Bolton, at” Mg. 
Whitbread’s brewery; the fteam of boiling: 
water is as elaftic as air. The force of this fteam * 
may be increafed to almoft any degreé in Papintg” 
digefter, the power is incredible, and without pro-" 
per care would burft the ftrongeft veffel; it is 
cvidently fire that renders fteam elaftic. There is 
no improbability, therefore, in fuppofing that ‘it’ 
occafions alfo the elafticity of air. Perhaps. we 
fhall not be far diftant from the truth, -if we fa 
with Boerhaave, that. the active force in the air, 
which produces fo many effects, does all arife fron 
the fire contained init. ‘ 
Not to truft to conjecture, let us have -re- 
courfe tp experiment. - I take this bladder half fil- 
led wit}: air and tied clofely about the neck ; [hold 
it near; the fire, and it immediately fwells; the 
nearerg approach, and, thé longer I hold it theres 
the more the bladder expands; the elafticity of 
the included - air increafing’as the action of ‘the 
fire increafes. Asa great degree of fire gives more 
elafticity, and a. fmall:. degree: lefs elafticity to 
Vox, I. 1 E the 
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the fame quantity of air, ¢his element feems to 
have the direction of this quality, and to be the ; 
phyfical caufe of it at all feafons. That fire is ” 
the power by which the air is kept in continus” 
“motion, is alfo evident from the thermomete? of 
Drebellius. = 
: One objection however has been made to this 
theory, which fhould be obviated ; the bladder will 
diftend when a part of the furrounding air is with- 
@rawn, in the fame manner as if it were held be- 
-.fore the fire. If fire be the immediate caufe of 
the repulfion, it has been afked, Why does the 
' fepulfion increafe, when the heat remains the 
fame? The anfwer is plain and eafy; there is the. 
fame heat in the receiver as in the circumambient 
air; this heat is fufficient for the purpofe, and 
rnuft neceffarily produce the effect when the pref- 
fure of the air is taken off. 
“Ms Tong as the receiver is full of air in the 
_ fatrie ftate with that in the bladder, there are two 
équal forces’ counteracting one another; there is 
_ the air in the bfadder rendered elaftic by the ftand- 
ing degree of heat at that time in the atmofphere, 
and there is air equally elaftic preffing with equal 
force on the outer furface of the bladder; fo that 
while things remain in this ftate, all will be at 
yeft. But the effect will be the fame, whether 
you add more heat to the infide,. or fake away an 
equivalent degree of refiftance from the outfide; a 
tasifaction muft follow upon cither af thefe 
’ changes, for to fubtract the refiftance thom the 
. eutfide of the bladder, is the fame as ta add a 
greater force of expanding fire within fide.* Many 
experiments in the courfe of this work willl found 
to ftrengthen this opinion; and it does not ap- 
pear that there is a fingle experiment to prove 
any elafticity in the air independent of fire. 
; ine The 
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The elaftic power of the atr ts always equiva- 
len? to the force which compreffes it, for if it were 


lefs, it is clear it would yield and be‘more com- . 
effed ; were it greater, it would not be fo much. 
reayced; for action and re-action are always equal.- 


So that the elaftic force of any {mall portion of 
the ati.we breathe, is equivalent to the weight af 


‘the jncumbent part of the atmofphere; that weight’ 


being the force which confines it to the dimenfions 
it poffeffes. Hence. the air is always a countete 
ballance to itfelf, and naturally in equilibrio like 


other fluids. Air compreffed by twice the weight 


of the atmofphere, is reduced to half the {pace it 
. before occupied, by. four times that weight te.que 
quarter of the fpace, and fo on invasgegayetetos 
Frogretiion, fuppofing the heat to be always. the 
fame. ae 
To illuftrate thefe laws relating tq the. airis 
elafticity, we fhall take this . bent -tube,: ‘whofe 
fmaller leg is hermetically fealed s ¢fg. tephra) 
holding it with the curvature downwards, pour 
afmall quantity of quickfilver into the tube, foas 
jut to fill the horizontal part, in orderto confine 
the air contained in the f{maller leg. . Now it muft 
be evident to you, that in this cafe, the air in the 
Amaller leg cannot be preffed by any other weight 
than the common preffure of the atmofpheresed 
fhall now pour more quickfilver into the longer 
leg, which will comprels the air in the fhorter one, 
and confine it toa fmaller.fpace. By pouring ad- 
_ditionak quickfilver into the longer leg, you will 
find that the {pace into which the shorter one:is. 


‘ reducdfl, is to the fpace it-eccupied-with the at. 


mofplicric preffure, as -the at eric preflure 
to the fame preflure with thé? weight of the 
: > by 









additional quickfilver. In words 
Ancreafing the quantity of-quag{lve: 
denfation is increafed, and “it is“ found shat the 
‘ E2 MS Space 
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Space into which the air is condenfed by different 
weights is inverfely as thofe weights ; or it’s den- 
-fity is as the preffure it bears. When we fay that it is 
‘inverfely as the compreffing force, we meva 
that the {pace is diminifhed in the fame propo‘tion 
in which the force is increafed ; and thus a ouble 
force reduces the air into half the fpace, 4“triple 
‘force reduces it into a third part of the {pace it 
poffeffed before ; fo half the force permits the air 
-to expand itfelf into double the fpace, and a third 
part of the force permits it to expand into a fpace 
“triple of what it poffeffed before. ~ 
~~" After what has been faid, it feems almoft 
“needlefs to obferve to you, that the more the air 
is compreffed, the denfer and heavier it becomes : 
it: being evident-that a given quantity of air con- 
fined in half the {pace it naturally occupies, muft 
becorté twice as denfe, twice as heavy as it was 
befere, and’muft offer a greater refiftance to the 
nistien of the bodies. : 


“ Or rue HetcuT or tHe ATMOSPHERE, 


“t — Having proved to you, that the fpring or elaftic 
“poweref the airis as the force which compreffes it, 
and.thatthe denfity is as the faid'force, the Ypace it 
poffeffes beingalways reciprocal to that force ; weare 
furnithed with fomedata to make inquiry concerning 
“the limits of the atmofphere, and it’s ftate as to 
rarity at different elevations from the earth’s fur- 

face; fubjects that have engaged the attention of 

mathematicians ever fire the difcovery c*. atmo- 

fpheric preffure ; they love to purfue a fubjet wher 

calculation is -all that is neceffary; calc dations 

may fometimes give information, they feldo’n con- 

fer wifdom:. : . ; 

Thefé attempts commenced foon after it was 
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Na fquare inch, and the height that of the whole 
attgofphere, weighs 15 pounds ; and that the weight 
of air is to that of mercury, as I to 10,800: whence 
it follows, that if the weight of the atmofphere be 
Miicient to raife a column of mercury to the 
height of 30 inches, the height of the aerial co. 
Jumnymuft be 10,800 times as much, and confe- 
quently a little more than five miles high. 

+ It was not, however, at any time fuppofed, 
that this calculation could be juft; for as the air 
is an elaftic fluid, the upper parts mutt expand to 
an immenfe bulk, and thus render the calculation 
above related exceedingly erroneous. By experi- 
ments made in different countries, it has been 

found, that the fpaces which any portion of air 
takes up, are reciprocally proportional G+ the 
weight with which it is compreffed. Allowariies 
were therefore to be made in calculating the heighs 
of the atmofphere. If we fuppofe. the height.of 
the whole divided into innumerable .equal-parts, 
the denfity of each. of whichis ag itis-quantity.; 
and the weight of the whole incumbest. atmofphere. 
being alfo as it’s quantity; it is evident, that the ; 
weight of the incumbent air is every where as the‘ 
quantity contained in the fubjacent -parts.whica . 
makes'a difference between the weighits ofeach two 
contiguous parts of air. Bya theorertrin-geomegry, 
where the differences of magnitudes are gedeastry.. 
cally proportional to the magnitudes theméebves,..it 
appears that thefe magnitudes are 3m. continual 
arithmgtical proportion ; thereforé, if, according 
to the ,uppofition, the altitudes of the air, by:ghe 
‘additigin of new parts into’ which it is divided, do 
contitivally increafe in arithyitetieal proportion, it’s 
denfity will be diminithed, 6 (which is the fame 
thing) it’s gravity decreafed in continual geo- 
metrical proportion. : 
Eg. 4 It 
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It is now eafy, from fuch a feries, by makir,z 
two or three barometrical obfervations, and derers 
mining the denfity of the atmofphere at two or 


three different ftations, to determine it’s abfolute 4 


height, or it’s rarity at any affignable hei 
Calculations accordingly were made upon’ this 
plan; but ic having been found that the ba‘ome- 
trical obfervations by no means correfpondéd with 
the denfity which, by other experiments, the air 
‘ought to have had, it was fufpected that the upper 
_ parts of the atmofpherical regions were not fub- 
ject to the fame laws with the lower ones. Phi- 
}ofophers therefore had recourfe to another method 
for determining the altitude of the atmofphere, 


viz. by a calculation of the height from which - 


the light of the fun is refracted, fo ag to become 

vifiblé to us before he himfelf is feen in the hea- 

vens.- By this method it was determined, that at 

the height of 45 ‘miles the atmofphere had no 

power of refraction :. and confequently beyond that 

’ diflance was‘either a mere vacuum, or the next 
thing to it, atid: not to be regarded. 

This theory foon became very generally re- 
ceived, ‘and the height of the atmofphere was 
{poken ef as familiarly as the height of a mountain, 
and reckoried@*to be as well afcertained, if not 
mere fo, than the heights of moft mountains are. 

- Very great objections, however, which have never 
yet been removed, arife frem the appearances of 
fore meteors, ke large globes of fire, not un- 
frequently to be feen at -vaft heights absive the 
eatth. A very remarkable one of this kind «as ob- 
ferved'by Dr. Halley.in the month of Marcl* 1719, 
whofe alritude he-ed¥fiputed to have been bitween 
69 end 737 Englifi’ miles; it’s diameter! 2800 
yards, or upwards ofa mite and a half; and it’s 

_ veloci ry about 350 miles ina minute, Others ap- 
Peceatly of the fame: sRind, but whofe altitude and 

velocity 





, 
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vdocity were ftill greater, have been obferved : 


pamicularly that very remarkable one, Auguft 18th 
178%, whofe diftance from the earth could not be 


*lefs than go miles, and it’s diameter not lefs than. 


uke former; at the fame time, that it’s velocity 
was ‘certainly not lefs than 1000 miles in a minute 
Fire-halls, in appearance fimilar tothefe, tho’ vaftl. 
inferioY in fize, have been fometimes obferved at 
thesfurface of the earth. Of: this kind, one was 
feen on board the Montague, 4th November 1749, 
which appeared as big as a lagge mill-ftone; it 
broke with a violent explofion. . 

From analogical reafoning, it feems very pro-" 
bable that the meteors which appear at fuch great 


‘heights in.the air, are not effentially diffgrent from 


thofe whickgflike the fire-bail juft mentioned; age. 
met with # the furface of he earth. The 
plexing circumftances with regard to the former 
are, thar at the great heights above-mentioned, 
the atmofphere- ought not to have-any denfity fufi- 
cient to fupport flame, or to propagate faund s yet 
thefe meteors are commonly fucceeded by one-or 
more explofiogs, nay are fometimes faid to be ac» 
companied vie a hiffing noife as they pafs over 
our heads. The meteor of 1719 was not only very 
bright, infomuch that for a fhort fpace .it turned 
night into day, but was attended with-an explo. ~ 
fion, heard overall the ifland of Britain, occagaa-. 
ing a violent concuffion in the atmofphese, “and 
feeming to fhake the earth irfelf, That of 1783 
alfo, tough much higher than the former, was 
fucceer:ed by explofions;/and,. according to the 
teftimbny of feveral people, a-hiffing noife was 
heardias it paffed. Dr. Halley acknowledged, that 
he wys unable to reconcile thefe circumftances 
with the received theory of the height-of the:at- 
mofphere ; as, in the regions in which this meteor 
moved, the air ought to have been 309,090 times 
' E@ : more 
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more rarc than. what we breathe, and the ne. t 
thing to a perfect vacuum. 

In the meteor of 1783, the difficulty is ‘fill 
greater, as it appears to have been 20 miles farther- 
upinthe air. Dr. Halley offers a conjecture, in- 

deed, that the vaft magnitude of fuch bddies 
might compenfate for the thinnefs of the nv'dium 
in which they moved; whether or not titis was 
the cafe, cannot indeed be afcertained, as we have 
fo few data to goupon; but the’greateft difficulty 
is to account for the brightnefs of the light. Ap- 
pearances of this kind are indeed with great pro- 
bability attributed to electricity, but the difficulty 
is not thus removed; though the electrical fire 


pervades with great eafe the vacuum of a common: 


- air-pump, yet it does not in that ..4 appear in 

.” bright .well defined {parks as in the Open air, but 
rather in long fireams refembling the aurora bo- 

‘ realis; From. fome late experiments indeed, Mr. 

Morgan concludes that the electrical fluid cannot 
penetrate a perfect vacuum. If thisbe the cafe, 
at fhews that the regions we fpeak of are not fuch 
a perfect vacuum ass can be artificially made; but 
whether they are or not, the extre; brightnefs of 
the light fhews” that a fluid was prefent in thofe 
regions, capable of confining and condenfing the 
electric matter as much as the air does at the fur- 
face of the ground; for the brightnefs of thefe 
meteors, confidering their diftance, cannot be 
fuppoted inferior to that of the a ane of 
lightning. 

It appears therefore, that the absfitica height 
of the atmofphere is not yet determined. “dhe be- 
ginning and ending. of twilight indeed fhew, that 
the helene at which the atmofphere begans to 
refraci the fiin’s light, is about 44 or 45 Englith 
miles. Bur this may, not improbably, be only the 
height to which the aqucous vapours are nee 

, ; ; ep 
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‘for it cannot be thought any unreafonable fuppo-' 


ittion, that light is retracted only by means of the 
ageous vapour contained in the atmofphere : and 
where this ceafes, it is ftill capable of fupporting 
the electric fire at leaft as bright and {trong as 
at‘the furface. That it does extend much i on 
is evident from the meteors already mentioned : 
for ail thefe are undoubtedly carried along with 
the atmofphere; otherwife that of 1783, which 
Avas feen for about a minute, muft have been left 
1000 miles to the weftward, by the earth flying 
out below it in it’s annual courfe round the fun. 

I cannot leave this fubje@ without laying be- 


fore you the following thoughts of Dr. Horfley,’ 
Bifoop of St. David’s. That they-are this; is fufh . : 


Cient to entitle them to attention,:and- you will © 


1 


and energetic ftile, whichfo peculiarly chara@terize * 


our worthy bifhop. « I know not,” fays he, “ for what 
reafon mathematicians have been afraid to ad- 


mit the infinitude of the atmofphere of the earth; 


whether they thought it would bear hard*upén the 
Newtonian doétrine of a void, or that it Implied 


the infinitude of matter. But neither the one nor © 


the other of thefe confequences is to be appre~ 
hended; for neither the phenomena of nature, nor 


the principles of the Newtonian philofophy;.re- - 
quire that there fhould be any where a great chafm © 


in the univerfe, or that the whole material world - 
thould be actually: circum{cribed by-any finite * 


fpace?, A large portion of pore or interfperfed 


vacu'iy is fufficient forall purpofes. Nor does an ~ 
abfolute infinity of matter follow from the hypo- . 


thefis of an infinite number of finite maffes, ana: 


* an gnfinite number of finite maffes is all that is 
implied in the notion of a rare claftic fluid, diffafed 
through infinite {pace. There are indeed no data 
from which any great altitudes of the atmofphere 

can 


“ 


find yourfelves highly rewarded by-the mafcutine 
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ean be indubitably concluded in the way of ex«* 
periment ; but I do contend, that there are 10 
gata, from which the fuppofition of it’s infirfte 
height can, in the fame way, be difproved ; and 
this may juftly be held more probable than the 
_ eontrary, as being the confequence of a theary, 
which has never yet in any inftance proved falla~ 
cious.” “ 
sIf the atmofphere of the earth reaches to in~ 
finite heights with a finite denfity; thofe of Ju. 
iter, and every other planet, will reach alfo to 
wnfinite heights abovethe furface of the planet 
with a finite denfity. The atmofphere of every 
planet will therefore reach to the furface of every 
ether planet, and to the furface of the fun, and 
. the atmofphere of the fun to the furfaces of them 
all. All thefe atmofpheres will mingle, and form 
a common atmefphere of the whole fyftem. This 
common atrifphere of the fyftem will be in- 
finitely diffufed, fince the particular atmofpheres 
that compofe it are fo. It will reach therefore to 
every fixed ftar; and for the fame reafon that of 
every fixed ftar will reach the central body of our 
_ fyftem, and of every other fyftem; the atmofphere 
of all the fyftems will mix; the univerfe will 
‘have one common atmofphere, a fubtle elaftic 
fluid which pervades infinite fpace; and being 
‘ condenfed near the furface of every larger mafs of 
matter, by the gravitation towards that mafs, forms 
jt’s peculiar armofphere.”* : 


On Hyporuesss. 


_ Inthe hiftorical part of the preceding leXure, 
there are fome facts, which if properly attended 
to, will be of great ufe to you. You have tfeen ~ 
how long bare conjecture was fuffered to ftand in 
the place of knowledge, and with what tena- 
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ou to form opinions, but it cannot produce 
Kvowledge. Natural philofophy muft be. built 
uphn the phenomena of nature difcovered by ob- 
fervation agd experiment. ‘ 
Conjectures in philofophy are termed hypo. 
thefes or theories; and the invention of an hypo~ 
theff: founded on fome flight probability, which 
accounts for many appearances in nature, has tee 
often been confidered as the higheft attainment of 
2 philofopher. sIf the hopothefis hangs well to~ 
gether, is embellithed with a lively imagination, 
and ferves to account for common appearances ¢ 
itis confidered by many, as having all the quali 
ties that fhould recommend it to our: belie and 
‘all that ought to be required ina phils ica 
fyflem. sober ee 
Men of genius are fo prone to invent hypés 
thefes, and others toacquiefce in La the ute 








moft the human faculties can attaif™™ta in ‘philo. 
fophy, that it is of the greateft con ence tothe 
progrefs of real knowledge, that.:you fhould ‘have 
a clear and diftinét underitanding of the nature of 
hypothefes in philefophy, and ef the regard that 
is due tothem. ©. - 5 . 
Although fome conjeCtures may. have a ¢on~ 
fiderable degree of probability, it is evidently in 
the nature of conjeéture to be uncertain. In every 
cafe, the affent ought to -be’ proportioned: to the 
evidence; for to believe firmly, what has but a 
fmall degree of probability, is a manifeft abufe of 
our untlerftanding. Now though we may, in many 
cafes, ‘form very probable ‘conyedtures concerning 
the works of men, every conjecture we can fern, 
with regard to the works of God, has as little: 
probability as the ¢onjectures of a child with -re-. 
gardfto the works of a man, “ey 
The wifdom of God- exceeds that of the 
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achild. If the child were to conjecture, how a”, 
army is to be formed in the day of battle, howe a 
city is to be fortified, or a ftate governed; wnat 
chance has he to guefs right? The wifeft man has 
as little chance when he pretends to conjecture 
how the planets move in their courfe, how the, fea 
ebbsand Hows, and how our mindsactuponour badies. 

Ifa thoufand of the greateft wits thac ever 
‘the world produced, were, without any previvus 
knowledge of anatomy, to fit down and contrive 
how, and by what internal organs the various’ 
functions of the human body are carried on; how 
the blood is made to circulate, and the limbs to 
move; they would not in a thoufand years hit upon 
any thing like the truth. 

Of all the difcoveries that have been made 
concerning the inward ftructure of the human bo 
dy, never oggewas made by conjecture. Accurate 
obierationalg snaroif have brought to light 
annurrerable“artifices in the contrivance of this 
avonderful machine, which we cannot but admire 
as excellently well. adapted to their feveral pur- 
pofes, But the moftfagacious phyfiologift never 
dreamed of them till they weré difcovered. On 
the other hand, innumerable conjectures formed in 
different ages with regard to the ftructure of the 
body, have“been confuted by obfervation, and 
mone ever confirmed. 

What we have faid of ‘the internal ftructure 
ef the human body, may be faid with juftice of 
every other part of the work of God,. wherein any 
real difcovery has been made; fuch difcoveries 
have been always made by patient obfervatiqn, by 
accurate experiments, or by conclufions drawn by 
ftrict reafoning from obfervatien and experiments, 
and fuch experiments. have ‘always tendej to 
refute but not to confirm the theories which 
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tie ftate of philofophy, in the different ages, 
we fhall learn from the hiftory of every period, 
that as far as philofophers confulted nature and 
preceeded on obfervation, they made fome pro~ 
grefs in truth, but as far as they pretended to carry 
on their fchemes without it, they only multiplied 
difpuites. 
~ The fineft productionsofhuman artareimmenfe~ 
ly fhort of the meaneft worksof nature. The niceft, 
“artift cannot make a feather or the leaf of a tree-: - 
human workmanfhip will never bear a comparifon 
with the divine. Conjectures and hypothefes ate 
the inventions and the works of men, and muft 
- bear proportion to the capacity and tkill of hea 
ventor, and will therefore be always very unliketo — 
the works of God, which itis the bufinefs of phide- 
fophy to difcover. fo SS, 

The firft rule of philofophifing laid down by. 
the great Newton, is this, No more caufes, nor.any 
other caufes of natural effects, ought te-be admitted, 
but fuchas are both true and arefufficient forexplain- 
ing their appearances. _ This is a goldenrule, itis 
thetrue and proper teft by which what is found and 
folid in philofophy is to be diftinguifhed from what 
is hollow and vain. 

If, therefore, aphilofopher pretends to fhew you 
the caufe ofany natural effect, whether relating: to 
matter or to mind; you are firft to contider whe- 
ther there be fufficient evidence that the caufe he 
affigns, does really exift. If there is not, reject it 
with difdain as a fiction which ought to have..no 
placein genuine philofophy. Ifthe caufe afligned 
really exifts, contider in the next place, whether 
the effect it is brought to explain, neceffarily fol- 
low from it. Unlefs it has thefe two conditions, 
it isfgood for nothing. 

By obferving this rule, you will not be indan-' 
ger of employing mere conjecture, nor fatistying 
yourfclyes with the illufive dreams of imagination, 

- inftead 
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. Inftead of the real ftate of things. You have fecn 
alfo in thefe lectures the force of prejudice on ¢he 
mind. Had Bacon, Galileo, Torricellius, or Boyle, . 
given way to the objections thrown in their way, or 
contented themfelves with the conjectures of their 
anceftors, we fhould have never reaped the benefit 
of their difcoveries ; difcoveries that do honour to 
human nature, and willmaketheir names immort¢1.* 
Truth in it’s omnifcient fountain 1s univer/fal, 
immediate, equal, and. infailible. The ray with 
- which man is bleffed, is, from the inferiority 
and infirmity of his nature, partial, progrefive, 
wvurious, though immutable: this ray is obftructed 
by paffions, prejudices, habits and vices, caufes of . 
error. Truth, though deftined to be the guide of 
than, is not beftowed with an unconditional pro- 
fufion ; but is hidden in darknefs, and involved in 
difficulties ; interided, like all the other gifts of hea- 
- ven, to be fought and cultivated by all the differ- 
ent powers and exertions of human rea/on.t 
“Let the maxim of the once celebrated Thomas 
Aquinas be often before you, cave ab illo qui uni- 
cum librum legit ; fufpe the knowledge of thofe 
who dare not venture abroad in queft of truth, but 
under the authority of fome great name: fuch, how- 
ever, is human weaknefs, that you will often find 
thofe who will condemn this practice as abfurd, 
when applied to the prejudices that once reigned in 
favour of Ariftotle or Defcartes, offended when it is 
brought home to themfelves, and when it is fhewn 
that even in this age, authority has undue weight and 
influence. I hope, that you will be dazzled by no 
authority, nor fuffer any popular prejudice to mis~ 
lead you, but that you will always be governed and 
guided by the importance of the matter, thejjper- 
fpicuity of the facts, the juftnefs of the infercices, 
andthe ftrength of the arguments propofed to you. 


* Reid on the Intelleftual and Aftive Powers of the Mind. 
, ‘ Tatham’s Chart, and Seale of Truth, The 


Naturt anp Propertizs ef Arg. 6 


_ ‘Theloweftkind of evidence that can be cited ie 
favour of any doctrine or tenet, is the opinion of 
great and celebrated men. This evidence: is of 
fm{ll authority, becaufe the prejudices of different 
men} concerning things and perfons, of whofe me- 
rit they are incompetent to judge, is very different. 
But whatever authority the tenets of any philofo- 
pher, or fet of philofophers, have, or ever had in 
the minds of other men; they derive that autho» 
ity only froma f:ppofed agreement with truth, rea= 
fon, and nature. : ’ 


‘i 
es 


LECTURE If. 


i te the preceding lectures, I proved to you that 
the fubtle and invifible element of air is by no 
means exempted from the univerfal law of gravi- 
tation, and that it’s. weight ‘is the caufe of many 
phenomena. I have from this principle clearly 
and naturally accounted for feveral appearances that 
could not be explained upon any other. -I have 
fhewn to you the nature of that ufeful inftrument 
the air-pump, and the-principles of the celebrated 
experiment of Torricellius. You ‘have feen that 
the air is endued with a confiderable elaftic power, 
by which it perpetually endeavours to expand itfelf 
into larger dimenfions, and to remove the obftacleg 
by which it is confined within certain bounds, and °’ 
that it exerts this power more forcibly as it is more 
clofely crowded together, the force it employs +@ 
gain,it’s liberty being always proportionable to it’s 
coar;tation or denfity. From what you have al- 
ready feen and heard, you begin no doubt to per- 
ceive the nature and defign of natural philofophy, 
that it is intended to defcribe the principal pheno- 

2 mena 
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mena of nature, . to explain their caufes, and trace 
out the relation of the phenomena to, and their 
dependence on thofe caufes. But it is fubfervient 
to purpofes of an higher kind, and will lead yor to 
a knowledge of the author and governor_of the 
univerfe, proving to you the beauty, goodnefs, and 
equity of his adminiftration, by fhewing you that 
univerfal good is.the end or final caufe of the whelle 
creation, diffufing itfelf every where continually 
into all things, in proportion to their feveral ca7- 
pacities of receiving and participating in it. It 
will teach you at the fame time that the feveral 
operations in nature are carried on by means inde- 
pendent of all human counfel or direction, uncon- 
troulable by any human power or authority, and 
far tranfcending all human abilities to plan, to 
manage, or to execute. You will difcover fome of 
thofe laws by which the Soverzicn LecisLatwR- 
governs the corporeal univerfe, and by which*he 
maintains it in undiminifhed vigour, and unce- 
caying beauty, through all ages, for the good of all 
beings capable of enjoying any fhare in the mani~ 
fold and various goods with which it abounds. 

With fuch profpects before you I infure my~ 
felf the moft unremitted attention, and that you ’ 
will not fuffer yourfelves to be difcouraged by any 
apparent difficulties, but follow me with pleafure 
while I am endeavouring to trace the operations of 
nature through all their multiplied proceffes. 

it has been a queftion among philofophers, 
whether the elaftic power of the air is capable of 
being deftroyed or diminifhed: there is reafon, 
however, to think that it’s elafticity may be con- 
fidered as nearly perfect, becaufe a mafs of air that 
has been compreffed by any given force re4efta- 
blithes irfelf as foon as that forces ceafes to act. and 
that compietely. reoainine the fame bulk ir shad 
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ments which prove that this elafticity isnot changed, 
either by the force or duration of the.compreffion; 
. for with whatever force it be compreffed;. or how 
everJong it may be kept in a ftate of compreffion, 
\it lofes nothing of it’s original force. Meffrs. 
oyle and Defaguliers made feveral experiments in 
orer to difcover how long the air would retain it’s 
fprtag, without being able to obferve any fenfible 
diminution. M. Roberval inclofed air in a wind- 
gun, and preferved it therein for 16 years; when he 
found, that it’s expanfive force was the fame as if>. 
it had been recently compreffed. It muft however 
be obferved,; that there are other experiments 
. which fhew, that in certain cafes the elafticity-of the 
air may be injured, and that it may alfo be viti 
by admixture with fome peculiar fubftances: 


wo, OF THE Rakiraction or THE AIR: 


Hex applied to a mafs of air produces two 
effefts: if the air is fo fituated as to have room to 
expand, it -rarifies it, or makes it ‘occupy more 
{pace; if it be inclofed and has hot: room -to 
expand, heat increafes it’s elafticity, and that fo 
much the more as the preflure is greater: To thew 
you that heat makes the fame quantity of air occupy 

a larger fpace, I take this glafs tube, which is 
fealed at one end, and nearly of an equal diameter 
throughout; I plunge the fealed end into boiling 

" water, and keep it there till ithas attained as much 
heat as the boiling water can communicate to it; 

I now take it from thence, and infert the open end 
into quickfilver, which I have previoufly warmed 
that it may not break the glafs; you obferve that I 
hold the tube nearly in an horizontal pofition, and 
that tae mercury rifes in the tube in that proportion 
as it gnd the air within it cools: when it is pers 
fectly cooled (co the freezing point) you will find 
ont third of the glafs tube filled with quicklilver, 
Vo. I, F and 
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and two thirds with air. If I fhould again transfer 
it to the veffel of boiling water, the heat thereof 
would again expand the air, and make it ocgupy — 
the whole length of the tube. From this experi- 
ment you will deduce the following inferences: - 
1. That heat augments the volume of air.” 2. That 
a quantity of air compreffed by the weight of ghe 
atmofphere, and condenfed by the cold of ice, ,s to 
the volume of the fame air rarified by the heat o 
boiling water as 2 to 3. . 

In repeating ,thefe -experiments, you may 
find fome variations, for the refult will differ with 
the preflure of theatmofphere, which you know is 
continually varying, but humid air -will occafion . 
ftill greater deviations. The effect of a {mall 
quantity of moifture may be proved by a very fim- 
ple experiment, that you may repeat when diftant 
from any philofophical apparatus. T took an eipty~ 
glafs phial that I had carefully dried within’ §de, 
and inverted it in this water when it was boiling, 
and it has remained there till the air and water are 
perfectly cool, and you fee that the phial is now 
filled about one-third with water, fhewing that 
fo much of the air was expelled by the heat, and 
confequently that the air was expanded in that 
proportion. But by the addition of a fmall quantity 
of water to wet the infide of the phial, the air 
will be totally expelled, and make fo perfect a 
vacuum, that when all is cool the phial will be en- 
- tirely filled with water. 

Heat increafes the elafticity of the air, in pro- 
portion to the incumbent preffure, if the ex- 
panfion thereof be prevented. Take a glafs tube 
between four and. five feet in length, and about 
one-tenth of an inch in diameter, bent at battom, 
and terminating ina thin glafs globe five aches 
diameter, filled with common air; pour as much 
mercury into the tube as will rather more than Till 

: the 
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the curved part thereof; and when the tube is ver- 
tical the mercury will be of an equal height. in 
~ eacly branch of the tube: now it is plain that this 
could not be the cafe unlefs there was an equal 
reflure on each end of the mercury, the denfity 
the air within the ball being a counterballance 
to \he preffure of the atmofphere. Let us fuppofe 
thislpreffure to be equal to a column of mercury 
of 28 inches; on plunging the ball into boiling 





Water, the mercury will rife about 9 inches above” 


the level in the longer arm, which is one-third of 
28 inches. When the whole is cool, pour into the 
tube as much mercury as: will form a coluagn a! 
.28 inches above the level; confequently trex 
the ball now futtains a double atmofpherey “pga 
it again in boiling water, and the mercury wyit.be 
railed 187% inches above the point it was at before 
The Ymmerfion: now 183% is the third of 56 inches, 
thewpreffure fuftained by the air in-the ball; fo 
that \this air then counterballances a weight equal 
to a column of mercury 743% in height: mamely, 
the weight of the atmofphere, 28 inches of mer- 
cury, and 18-4, inches, to which this was raifed. It 
is evident therefore, from this experiment, ft, That 
heat increafes the elaftic force of the air in ‘pro+ 
portion to .the incumbent preflure. 2d, That the 
heat of boiling water increafes the claftic power 
‘of the air one-third of the incumbent preffure. 
In the fame manner you will find that the elafticity 
of the air is weakened, and that it contracts into 
lefs {pace by immerfion in cold or freezing mix- 
tures. 
It is plain from what has been faid, that the 
fame degree of heat will expand air more in pro- 
portioa, as the compreffing force is. removed; 


cod flaccid bladder is placed under the re- 







cety@f of an air-pump, and the compreffing force 
Vithdrawn by exhauftion, the air included in the 
f Fa bladder 


. 
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‘bladder expands and ftretches it, in the fame man- 
‘ner it would do, if the bladder were expofed to 
the heat of a fire. Hence you may perceive why~ 
the vacuum of an air-pump produces fo many of 
the fame effects with actual fire. ca 

It is neceffary to obferve to you one or to 
circumftances concerning the experiment wit!’ the 
‘bent tube and the ball, as they occafion fome dif- 
‘ference in the refults. 1. As the mercury which 
rifes in the longer leg of the tube diminithes the 
quantity in the thorter tube, it leaves the air more 
room to expand. 2. Becaufe the bulk or fize of 
the ball is increafed by the heat of boiling water, 
which gives the air contained therein, more room 
alfo to expand, and thus leffens the denfity thereof, 
‘and prevents the elaftic force being fo much aug- 
“mented as it would otherwife have been by..the 
heat of the water. Thefe circumftances are‘men- 
tioned to you, to fhew you with what caré*and 
“caution every philofophical inquiry fhould bd pur- 
fued, and that the moft minute cere are 
to be attended to; even the irregularities obferved 
in making any experiment fhould be ,communi- 
cated, that others may know what has happened, 
and what they may expect to meet with in the 
courfe of their future inquiries. Improvements 
of every kind advance by flow degrees; and it is , 
not until things have been viewed in every poffible 
light, that error can be difcovered, the point in 
queftion clearly afcertained, and the branches of 
philofophy depending on the experiments you arc 
making, be brought nearer to perfection. 

I thall now proceed to apply the experiments 
you have feen, that you may perceive their ufe to 
mankind; and though fome of them may hive ap- 
peared to you of little importance, I hope Yoon to 
convince you, that even in the common avodstions 
‘of life, you will often have occafion to refer to Me 

confequences® 
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confequences naturally arifing from them. It 
is an excellent remark of an able writer, “ That 
« things remote from common obfervation are at 
< firft indiftinétly feen, like the diftant objects in. 
«a profpect. Weare in doubt whether they are 
* hills or clouds which appear in the fkirts of the 
oN ths but when we.draw near to them, we 


ev 
a 


« ind they are no vapours, but firm land fit for 
« dulture and inhabitation.” aid 
‘That admirable property of the air, whereby. 
Tt expands. with heat, and contraéts with cold, is 
one of the principal caufes of,winds. When the 
air in any place is rarified, the furrounding air, 
which is more denfe, rufhes in to fupply the va~ 
-cuity. Air in any one place being heated becomes, 
lighter, and afcends; the furrounding air,. being, 
heavier and colder, fupplies it’s place. The air’ 
of any place being therefore heated, and rarified: 
“by he fun’s rays or any other caufe, the air of a 
coXier regen will prefs into that place, with a de- 
gree of violence equal to the rarifaction. On the 
other hand, if from any caufe 4 becomes colder, 
it contracts into a fmaller fpacé} and the warmer 
circumjacent air rufhes into the place, to keep up 
the equilibrium of nature. 

Of the caufes and nature of winds I fhall 
treat more largely in a future lecture. To render. 
the Circulation of air evident, 1 fhall mention an 
eafy experiment which you may make on the firft 
convenient opportunity. . Let the air of aroom be.- 
heated by a good fire, while the air of a contiguous. 
room is cold; then let the door between the two. . 
rooins be opened, and the cold air’ being heavieft, 
will come into the heated reora by the lower part, 
of the door-way ; the heated air will go out into 
the cald room by the upper part of the door-way :. 
the Circétion of thefe currents of air may be feen, 
byAhe direction of the flame of a candle, which 

F3 : will 
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will be driven inwards or towards the heated room, 
if held near the bottom of the door-way; out- 
wards, if held near the top; whilft in the middle, 
_therevis iittle or no motion, the flame remaining 
perpendicular. This experiment further proves 
the rarifaction of air by heat, but it fhews alfo,,” 
that it is the property of rarified air to afcend. 

If a room with a fire in it be perfectly clofed 
except the chimney, the air therein would foon be 
rendered unfit for refpiration, and the fire itfelf 

“would foon be extinguifhed. Hence it appears 
how improper it is, to keep the room of thofe who 
ar&gnwell or convalefcent, too clofe. The luxury 
and effeminacy of this age is ftudious to ftop 
up every crack, and exclude, as much as may be, 
every breath of air; wrongly confulting prefent 
indulgence, at the expence c4future eafe and coin- 
fort. - Children pari aie are the met 
fufceptible of the ill effect of a clofe air, and thew 
it by turning fick, and complaining of the hezd- 
ach; and they who by practice feel lefs prefent 
inconvenience, are flowly lofing their complexions 
and deftroying their conftitutions, which are never 
more invigorated than by the coldnefs and purity 
of the morning air. It 1s a common obfervation, 
and a true one, that the body is ftrongeft and the 
{pirits moft active, in tharp frofty weather, when 
fire burns the brighteft ; therefore if you are wife, 
you will be forward to expofe yourfelves to the 
frefhnefs of a cool air, that you may have the ufe 
and enjoyment of your faculties, while others are 
deftroying the powers of life by the debilitating 
fleep of the morning hours, and the fickly warmth 
of a clofe apartment. : 

Many people imagine, that fire will purify 
contaminated air, by deftroying the noxious’par- 
ticles that are mixed with it, and thus rendgr it 
fitter for refpiration: this however is not true, Pear. 


fire, 


‘“ 
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fire, and combuftion in general, is fo far from pu- 
rifying air, that it actually contaminates a pro- 
digious quantity; fo that even a lighted candle 

*kept in a clofe room, to which the external air has- 
not free accefs, renders the air of that room ex- 
remely noxious. But a fire kept up in a room or 
Nartment where the air is tainted, as in hofpitals,’ 
&ck will purify the apartment, by promoting a 
circulation of frefh air, to expel that which is in 
fected. 


Or Smoky CHIMNIES. 


Among the various inconveniences of” life, 
there are few more troublefome than being obliged 
‘to dwell in a fmoky houfe. Smoke is a vapour, 
offenfive to the fenfes, and prejudicial to the health: | 
it deftroys all domeftic enjoyment, foon tarnithing 
the moft beautiful decorations of a room, and 

“foiling the furniture. Numerous have been the 
cofi,rivances, and immenfe the fums of money ex- 
pended, to fecure the enjoyment of a fire, without 
the annoyance of fmoke.’ Men of the firft abili- 
ties have not thought this fubject unworthy of 
their attention ; and among thofe who have en- 
deavoured to remove the evils attending a fmoky 
chimney, you will find the names of Defcartes, 
Defaguliers, Anderfon,* and Franklin. ; 

The author of a paper in the Plain Dealer, 
afferts, that of the various perverfions of abilities,. 
sthere is none that makes a human being. more ri- 
diculous, or more dangerous in it’s confequences, 
than that of attempting to fir a fire without judg- 
ment ; to prevent which he Jays down the fol- 
lowing rules: 1. Stirring of a fire is of ufe, becaufe.,- 
it makes a hollow where the air being rarified ’. 
by th: adjacent heat, the furrounding-air-rufhes 

£ P4 into 


} v8 See Dr. Anderfon’s Pra&tical Treatife on Chimnics. 


72 Lecerurss on NATuRAL .Purtosopny, 


into this vacuum, and gives life to the fire, and 

carries the flame with it. 2. Never ftir a fire 

when frefh coals are laid on, particularly when 
they are very, fmall, becaufe they immediately fall™ 

into the vacuum, and therefore ruin the fire. 3. 

Always keep the bottom bar clear. 4. Neve 

begin to ftir at top, unlefs when the bottorpy’ 

quite clear, and the top only wants breaking. 
You have already. feen, that air has.a conttant 
tendency to preferve an equilibrium ; fo chat if 
the weight of it be diminithed in one place, the 
, heavier air rufhes in from all fides, till the equili- 
brium be again reftored. I have fhewn you, that 
heat will difturb this equilibrium very confider- 
ably, that it expands the air, and makes the fame 
_ quantity occupy a much larger fpace, and thus 
renders it much lighter. When a fire is kindled 
jn a room, it heats and rarifies the air conti 
‘to it, which becomes confequently lighter than the 
furrounding air, and therefore afcends into thé at- 
‘mofphere, till it finds or meets with air of the 
- fame gravity with itfelf, and the air in the room 
_ which is lower and more denfe, rushes in to fupply 
it’s place, and being there heated and rarified, it 
afcends in the fame manner, carrying with it the 
fmoke arifing from the coals or wood : the fire is 
fed and preferved by this conftant draught and 
‘«circulation of air. 

-. By this current of air, the machine called a 
fmoke—jack is put in action. It confifts of a cir- 
-<¢ular fet of vanes difpofed obliquely to the courfe 

of the air, like the fails of a good windmill: 
‘thefe are fixed into a vertical fhaft and fpindle 
‘that communicate. with fome wheel-work; thefe 

vanes are turned round with great velocity, when 
the fire burns brifkly, the ftream of air prefling 
fucceffively on the vanes, as a ftream of wdzer on 
the floats of a water-wheei. This may be Mut. 

erates 
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trated by an entertaining experiment: here is a 
paper lanthorn adorned with figures, and. fixed to 
a light circular frame of ten vanes, each of them 
about four or five inches long, and about one and 
an half broad. The center of thefe is hung en a 
_ fine upright pivot. I puta lighted candle under 
‘the vanes; in a little time the air heated by the 
candle will rife, and by it’s fucceffive ftrokes againft 
the vane, make the lanthorn revolve with confi- 
_ derable velocity. 

This circulation is evident to every one, and 
you muft all know how much fire is quickened-and 
increafed by a blaft of air. It is an eftablifhed-law 
of nature, that as foon asa fire begins to fpread 
itfelf, a ftream of air rufhes in from all ‘ides to 
fupport it; and the larger the fire, the fhatper is 
the indraught of the air, which fupplies the fire 
with frefh life and vigour: between the two a 
double motion is maintained of fire outwards and 
air inwards ; that the matter of fire goes outwards 
is evident, 1ft, from the fhadow which any epake 
body cafts behind it, by intercepting this-matter 
in it’s courfe; adly, from the heat propagated 
through the air, and which, at a confiderable -dif- 
tance from the fire itfelf, will act as fire, and in- 
flame bodies when it is reflected from a concave 
{peculum. The current of air inwards you -will 
perceive by holding a filk handkerchief; or “any 
other light body near the fire, as well as by the 
rufhing of ‘the air through all the joints and aper- 

‘tures of the doors and windows of a room heated 
by a fire. 

If you place any burning matter under a-ree 
ceiver not exhaufted wf it’s air, the fmoke will 
rife up perpendicularly and with confiderable ve~ 
locity; but when the air is exhaufted, the fmoke 
wi}i either fink down, or hover as.an atmofphere 

ye the ignited body ; proving that the nee 
oes 
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does not afcend from any innate quality, but is im- 
pelled or forced up by adenfe and active fluid. 

A bigh chimney is faid to draw beft, and to you 
the reafon will be evident, for the higher the chim- 
ney, the greater is the difference between the co-~ 
Jumn of heated air within the chimney, and a co- 
lumn of the fame diameter and altitude withous 
For the air continues warm ahd highly rarified tl 
jt intermixes with the common air at the top of 
_ the chimney, and is confequently throughout it’s 
whole length lighter than the fame bulk of com- 
mon air; it is clear, therefore, that the longer 
thefe two columns of unequal gravity are, the 
greater will be their difference in their weight, 
fhe air will afcend with greater celerity, and the 
chimney will act better. 

There is another material circumftance to- 
wards promoting a good draught in the chimney, 
making the air that is forced through pafs as near 
the fire as pofible. tis the heated and rarified 
ftate of the air which caufes it’s afcenfion; the 
more air is heated, the greater will be the force 
and velocity with which it afcends ; and air will 
be more heated, the nearer it approaches the fire 
when it enters the chimney: in other words, the 
Jower the mantle of the chimney is, the more rca- 
dily will the fmoke afcend, being ‘more rarified, 
and moving with great velocity. 

But frefh air muft be admitted into the apart- 
ment in fufficient quantity to fupply what is thus car- 
vied away, and confumed by the fire, otherwife the 
air in the room would be foon exhautted, and light- 
er than the external air at the top of the chimncy, 
and the fmoke would therefere be foon difperfed in 
the room ; thus from the confideration of the ac- 
tion of the air and fire, we are naturally led to treat 
of the caufes of fmoky chimnies 5 and I perfyade 
myfelf, thar you will be cnabled yourfelves, oa 
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the principles already laid down, when the caufe’ 
is {hewn you, to point out the remedy. ; 

The general caufe of fmoky chimnies in a new 

” poufe is the want of air. “The workmanship of the 
rooms being all good, the joints of the boards of 

\ the floors all tight and true; the doors and fafhes 
being alfo worked with truth, and fhutting with 
exictnefs, there is no paffage left for the air to en- 
ter except by the key-hole, and that is often ftop-" 
ped by a dropping fhutter. Now it mutt be plain” 
to you, that in this cafe there can be no circulation’ 
of air, to fupport the place of that which is’ rari=: 
fied by the fire; and confequently that there cari” 
be no current to prevent the fmoke coming into: 

* the room. Saad 

To ftop every crevice in a room, and yet-fup—- 
pofe that a chimney can carry up the fmoke, ‘ist 
require inconfiftencies, and expect impoffibilities’’ 
yet often on this account alone, has the owner of 
a new houfe been feen in defpair, and ready to felt 
it for much lefs than it coft; and, often alfo much‘ 
expence has been laid out to effect a cure to‘little- 
purpofe, as thofe who were employed were igno= 
rant of the principles on which the cure’ muft be 
founded. - 

You will eafily afcertain whether this be the 
caufe of the chimrey’s fmoking ; for if the openinige: 
a door or a window enables the chimney to ang? up* 
all the fmoke, it is clear that want of air from 
without is the caufe of it’s fmoking. 

Your mind has already fuggefted to you, that - 
the only poffible means of remedying this evil, muft 
be by a continual fupply of frefh air, and we have 
only to confider how this fupply may be procured 
with the feweft inconveniences. Here, however, 
it will be neceflary to obferve to you, that in all 
rooms where there is a fire, the body of air that is _ 

ained and rarified before the chimney, is con- 
1 tinually 
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tinually changing place, and making room for 
ether air to be warmed in it’s turn. Part of it is 
driven up the chimney, the reft.rifes and takes 
place near the ceiling. If the room be lofty, the 
warm air remains above our heads, as long as it 
continues warm; and we are but little benefited | 
by it, becaufe it does not defcend till it is cooler“ 
The difference in the climate, between t/ac 
upper and lower parts of a lofty room, is greater 
than you would at firft imagine, but which you 
‘gnay eafily afcertain by a thermometer, or going” 
. upa ladder till your head is near the ceiling. It 
ds‘among this warm air that the wanted quantity 
-fhould be admitted, for by mixing with the fur- 
rounding air, the coldnefs thereof is abated, and the 
inconveniencies that would otherwife arife from 
it’s admiffion, are hereby rendered almoft infenfi- 
ble; and this may -be eafily effected, by cutting a 
¢revice in the frame at the upper part of the fafh, 
‘ which may be concealed by a thin board floping 
-upwards, to give the air that paffes through an ho- 
rizontal direction along and under the ceiling. In 
fome houfes the aif may be admitted by a crevice in 
the wainfcot, or plaiftering near the ceiling and over 
the opening of the chimney; this, where practicable, 
is tobe chofen, becaufe the entering cold air cools 
the warmeft air as it rifes from before the fire, and is 
fooneft tempered by the mixture. It may alfo be 
effected by a pipe or tube communicating with the 
ceiling, admitting air there, and !cading from 
thence downwards on the outfide or infide of the 
building, the lower end communicating with the 
external air. The cold air would come in at the 
lower aperture, afcend into the room, and imper- 
ceptibly mix with the heated air, and difperfing it- 
felf through the room to the fire, carry c!¥ the foul . 
air, and fupply the room with a fucceffiop of . 
that which is pure and wholefome. Ni 
2. Smee 


\ 
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2. Smoke defcends into the room when the open= 
tng of the chimney is too large, that is, when it is 
either too wide, too high, or too deep. Confidered 
philofophicaily, the apertures of the. chimnies 
thould always be proportioned to the height of the 
‘funnel. The openings of the longeft funnels may 
a'ways be larger than thofe with fhorter funnels, - 
When the chimney-piece is too high, a great 
quantity of cold air can pafs between the manth: 
“and the chimney, without being rarified by. the 
tire, confequently the contents of the funnel differ 
lefs in weight from the furrounding ‘air, and -the 
power of afcending, or draught of the cHirnney,.is 
' confiderably leffened, if not deftroyed. Bes 5 
If the fire-place be too deep, the graté fantl- 
ing far back, the air is not fufficiently heated, *ter- 
will the evil be cured by bringing the grate foi 
ward, and leaving a vacuum behind. deg cs 
When the opening is too wide, a_great.-deal 
of air paffes the fides of the grate without being 
much heated; wherever a quantity of cold -air is 
fuffered to pafs the chimney, the motion of the 
fmoke is checked and ftifled at it’s firft fetting off, 
and the circulation of the external air being de~ 
ftroyed the fmoke defcends. Tong 
Thefe defects may be remedied by a proper. cag- 
traction of the opening of the chimney, and-By 
filling up the vacancies behind and on each-fide 
of the grate, fo as to let no air enter from below 
but what comes immediately through or before the 
fire, whereby the air will be more heated and ra- 
rified, and the funnel made warmer fo as to main- 
tain a good draught at the opening. But as in a 
wide chimney a quantity of cool air often enters 
at the two corners of the mantle, and thus finds 
it’s way into the chimney without coming near the, 
one 3 to remedy this, place a fheet of milled iron 
on 
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on each fide, within the mantle, as low as poffible, 
and flanting upwards towards the middle of the 
chimney. This method is ftill more efficacious, 
if one of the plates be placed a little lower than 
the other, and made fo long that the ends of one go 
beyond the end of the other thus, A. Thus will every. 
particle of air be obliged to pafs before the fire, 
and be rarified. It may be proper to obferve here, 
‘that the openings may be made too fmall, fo that 
-the entering air operating too violently and direct- 
ly on the fire, will ftrengthen the draught, but will 
alfo confume too much fuel. 

"3. Another caufe of Jmoky chimnies is having 
too foort a funnel. : 

There are fome fituations where a fhort funnel 

cannot: be avoided; the only remedy in this cafe, 
is to contract the opening of the chimney, fo as to 
oblige all the entering air to pafs through or very 
near the fire, 

 q. Itis very common for one chimney to over- 
power another, and thus bring down the fmoke. 

Thus in a middle fized room with two fire- 

places, if the doors and windows be fhut, and a 
large brifk fire be made, it will foon bring the 
air down the other chimney with fuch force as to 
put out a candle: if fires are kindled in both, the 
_greater and ftronger fire will overpower the weaker, 
and draw air down the funnel thereof to fupply 
it’s own wants; this air in defcending will drive 
down the fmoke of the other fire, and force it into 
the room. 

If, inftead of being in one room, the two chim- 
nics are in two different rooms communicating by 
adoor, the cafe is the fame whenever that door is 
open. A kitchen chimney, in a tight houfe, will, 
when the doors are open that communicate with 
the ftair-cafe, overpawer every other chimney in 
the houfe, and draw the {moke down them. ~ 

he 
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The only remedy here is to fupply every 
chimney with as much air as is neceflary for it’s 
own confumption, which may be effected by the 
means already pointed out. 

5. The Jmoke is often driven into a room by the 
improper and inconvenicnt fituation of a door. 

For as the fmoke is carried up the funnel by 
the continual and fucceflive preflure of the air 
that enters at the fire-place, if this air be diverted 
-or driven away from the chimney, the fmoke will 
be carried away with it into the room ; indeed 
any circumftance that turns the current of air 
from the under part of the fire, will be an affured 

,caufe of producing {moke in the room. The vaz 
riety of cafes that occur under this head, are tpo 
many to be enumerated in this lecture. There-, 
medies are either to place an intervening fcreen, 
or to fhift the hinges of the door. : 

6. Sometimes an apartment is filled with fmoke. 
when a fire is kindled in an adjoining chimuey, and ng — 
Jive in the incommoded room, although it does not 
Joke when it bas a fire burning at it’s own grate. 

This generally arifes firft from the wind driv 
ing the fmoke down the funnel of the adjoining 
chimney along with the cold air, which cold air 
may be forced down by a guft of wind or by other 
caufes; this may be remedied by a circular partie 
tion of about three inches between the funnels 
at top. : 

Or it may arife from holes in the partition 
that divides the funnels ; for this there is no per- 
fect cure, but pulling down the chimney to the 
part where the holes are, and rebuilding it in a 
found manner. You may be relieved, by making 
ufe of a chimney or fmoke board, fitted exactly 
into the aperture of the-chimney. ; 

7 Uf tke funnel be made fo narrow as not te 
permit the Jmoke to pajs freely, it is checked by the 

/ fudden 
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Judden contraction at the mouth of the chimney, and 
will be forced: into the room before if can overcome 
the refiftance to it’s afcent. Every chimney fhould 
be made wide enough t6 carry off all the {moke 
arifing from the fire ufually burned in it. 

The moft obvious cure is what can feldom be 

effected without much inconvenience and expence, 
that is, building an additional flue to carry up the 
furplus of the {moke ; but if the fituation will not 
admit of this, the fite-place may be contracted- 
both in breadth and height, anda fmaller grate 
ufed, and the funnel heightened. If this only 
cures in part, and the chimney ftill fmokes in part, 
a blower, or front plate of brafs or iron, to put on 
and take off at pleafure, mutt be ufed. 
8. The fmoke is often drawn down by a wrong po- 
Jfition of the boufe with refpetf to external objects, 
as when tops of chimnies are commanded hy higher 
buildings, or by a bill, Se. which by interrupting 
the courfe of the air make it affume various di- 
rections, and drive the fmoke down the chimney 
ina ftream, or wheeling about in eddies, prevent 
it’s afcent. 

Hence it is that low houfes, when contiguous 
to high objects, are in danger of being difturbed 
with fmoke. If the contiguous object be not very 
high, the diforder may be cured by heightening 
the chimney ; but if it be very high, it will be 
neceffary to place a turncap, or fome fuch other 
contrivance, on the top of the chimney, as will 
prevent the wind from entering it, while it leaves 
a free paflage for the {moke. 

g. The fmoke will fomeiimes be driven down 
by firong winds paffing over the top of the funnels. 
‘This cafe is moft frequent where the funnel is 
fhort, and the opening turned from the wind. 

When a violent current of air, or a ftxong 
wind, pails over the top of a chimney, the pane 
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cles thereof acquire fo much force, and move with 
fo much rapidity in a direction nearly horizontal, 
as to prevent the rifing light air from iffuing out 
at the top of the chimney, and fome of the current 
is alfo often driven down the chimney. Where 
this happens often, a turncap will be the beft 
remedy. : : 
Chimnies, whofe funnels go up in the north 
wall of a houfe, and are expofed to the north 
winds, do not, in general, draw fo well as thofe in 
a fouth wall, becaufe when rendered cold by thofe 
winds they check the fmoke. ~ . 
Chimnies inclofed in the body of a houfe, are 
better than thofe whofe funnels are expofed in 
told walls. . 
Chimnies in ftacks draw better than feparate 
funnels, becaufe the funnels, that have conftant 
fire in them, warm the others in fome degree that 
have none. = 
All funnels fhould have a winding directioi.’ 
as near the top as poffible, which would in a great’ * 
meafure prevent any ill effects from ftrong of 
fudden gufts of wind. : ; 
Thave now fhewn you the general caufes which, 
prevent the free afcent of fmoke; in fome cafes _ 
two or more of thefe caufes may operate at the 
fame time. 5 
Dr. Franklin obferved a curious circumftange 


_ telative to chimnies, which does not feem to have 


been noticed by any one elfe, and which is wor- 


' thy of your attention, namely, that in fummer ‘ 


time, when no fire is made in the chimnies, there 
is, neverthelefs, a regular draught of air through 
them, pafling upwards from about five or fix o’clock 
in the afternoon, till eight or nine o’clock the 
hext morning, when the current begins to flacken 
and hefitate a little for about half an hour, and 
then fets as ftrongly down, which it continues to 
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do till towards five in the afternoon, when it 
flackens and hefitates as before, for about half an 
hour, and gets a fteady upward current for the 
night. The hours vary a little as the days lengthen. 
and fhorten; they are alfo varied by fudden 
changes in the weather. In fummer time there is. 
a gyeat difference in the warmth of the air at mid- 
day and mid-night, and of courfe in it’s {pecific 
gravity, as the more the air is warmed the morc it 
is rarified. ‘Fhe funnel of the chimney being ge- 
nerally furreunded by the houfe, is protected. both: 
from the heat of the fun’s rays, and the coolnefs 
ef the night; this meMn temperature it communi- 
€ates to the air contained in it. If the outer aiz 
is cooler than that in the funnel, it will, by being: 
“heavier, force it to rife, and go out at the top; 
what fupplies it’s place, being warmed, by the fun- 
nel, is in it’s turn alfo forced: up the chimney, and 
fo the current continucs tilf the next day, when 
the fur warms the air: and the funnel being now 
cooler than the air that enters. it, that air is ren- 
dered heavier than the furrounding air, and there- 
fore defcends. 

It wilfbe eafy for you' to make a few experi- 
ments on this fubject, and thus render the doc- 
trines it contains familiar to your minds: for this 
purpofe furnifh yourfelves with a number of {malt 
reprefentations. of rooms; let each of them be 
compofcd of five panes of window-glafs framed in: 
wood at the corners, with proportionable doors, 
moveable glafs chimnies, and openings of different 
fizes, and diffezent leneths of funnel; the rooms 
may be fo contrived as occafionally to communi- 
eate one with the other, and thereby form-different. 
combinations ; fourteen or fifteen picces of green 
Wax taper, ftuck together in a fquare, would make 
a {trong fire for a {mall glats chimney, and when 
blown out would continue to burn and give {moke 

as 
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as long as defired. With fuch an apparatus, all 
the operations on fmoke and rarified air, may be 
made with eafe, and the effects would be feen 
through the tranfparent fides. 

From what has been faid on the methods of 
curing fmoky chimnies, you will fee the import~ 
ance of experimenting in philofophy ; and’ that 
while we are inveftigating one fubjet, new light 
is often thrown upon another. You little thought ; 
of the relation of the experiments on rarified air, 
to that of our common fires: ittis thus that fome=“ 
thing unexpected often ftarts up in the courfe of 
our Inquiries, and the accidental difcovery is often 
efmore importance than the original bufinefs of 
the refearch. To an attentive obferver, fcarce any ~ 
thing will pafs without it’s ufe, and without mak- - 
ing fome addition to fcience. 

Chimnies have not been of long date in Eng- 
land, and the fmoke was let through a hole in tee 
roof, There is extant in the records of one of 
Queen Elizabeth’s parliament, a motion made by 
a member, reciting, ‘‘ That many dyers, brewers, 
“ {miths, and other artificers, had of late taken to 
“the ufe of pit-coal, for their fires, inftead of 
* wood, which filled the air with noxious vapours 
“and fmoke, very prejudicial to the health, par- 

. “ticularly of perfons coming out of the country ; 
“and therefore moving, that a law might pafs to 
“ prohibit the ufe of fuch fuel, at leaft during the 
“{effion of parliament, by thofe artificers.”? It 
was not then ufed in private houfes, the unwhole- 
fomenefs was the objection; fortunately the inha- 
bitants got over this objection, and now think it 
rather contributes to render the air falubrious, as 
they have had no gencral peftilential diforder fince 
the general ufe of coals, though before that ufe 
they were frequent. 

G2 Or 
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You have fecn, that in a given quantity, air 
may be expanded into a larger fpace, or contracted 
into a fmaller. I have explained the nature of 
the air-pump, by which it is rarified and ex- 
haufted, and now proceed to fhew you that phi~ 
Tofophy has engines, not only to rarify, but 
alfo to condenfe the air, and thus increafe it’s 
{pring by artificial compreffion. 

Ny This machine is called a condenfing engine: 
it confifts, 1ft, Of a fyringe to condenfe, or rather 
to throw frefh air into the fame fpace. ad, A 
ftrong ‘receiver to hold this air. 3d, A guage ta 
meafure the degree of compreffion. The receiver 
is confined down to the plate by fcrews, that it. 
may not be forced up, and thus let the air efcape. 
(fig. 1, pl. 2.) 

As much air is thrown into this receiver, at 
every ftroke of the pifton,as thefyringe will contain ; 
this. will be evident to you when you confider the 
conftruction of this fyringe. When the pifton_ 
(which is fetid) is drawn from. the bottom, it 
leaves a vacuum under it; till it gets beyond this 
fmall hole near the top of the barrel, the external 

* air rufhing through that hole into the barvel fills it 
with air; now the valve in this fyringe opening 
downwards, contrary to what you obferved in the ~ 
air-pump, when I pufh the pifton down, all the air 
contained in the barrel is forged into the receiver, 
and cannot return; the air, thercfore, therein is 
comprefled, and may be thrown in till it is ren- 
dered fo denfe, and it’s fpring as great as the 
ftrength of the machine will bear. You may al- 
ways know the degree of condenfation by the mer- 
curial guage :—when the quickfilver has gone 
through half the fpace between it and the end of 

the 
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the tube, the air is of a double denfity ; when it 
has paffed two-thirds of the fpace, the air is three 
times denfer, and fo on, for the denfity of ibe air is 
always inverfely as the {pace it occupies. As the 
quantities forced in by each ftroke of the pifton 
are equal, the quantities in the barrel, and confe~ 
quently the degrees of condenfation, increafe in aa 
arithmetical progreffion. If the recciver be not 
made very ftrong, it would be foon torn afunder 
by the air’s elaftic force, which we have already 
fhewn you to be as the comprefling force. 

Mr. Boyle has left us a gréat number of ex-* 
etn tuade with a condenfing engine, which 
ihew that animals may be killed by too great a 
vondenfation of air; that when condenfed to a 
moderate degree, he found them to live longer’ 
thercin than in common air ; that it fcarcely af- 
fected infects and frogs; that mouldincfs was 
promoted nearly in proportion to the degree of 
condenfation; and that vegetation was not injured 
thereby. 

Vi the air be exhaufted from two hemif- 
pheres, of three inches and a half diameter, it 
will requirea force equal to about one hundred and 
forty pounds to feparate them. But if the fame. 
hemifpheres be placed under the receiver of the air- 
pump, without cxhaufting the air from them, and. 
fo much air be thrown into the receiver as ‘to ren- 
der it double the denfity of the external air, it will 
require the {ame weight to feparate them; a fur- 
ther proof of the atmofpheric preflure. But if the 
hemifpheres were exhaufted before they are put 
under the receiver of the condenfing engine, and 
then the air is doubled in denfity, it will re-~ 
quire a weight of two hundred and cighty pounds. 
to feparate them; fo that a double atmofphere 
has the. fame advantage over a fingle one, that the 
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The found of a bell is much louder in con~ 
denfed than in common air. 

A round phial, that would bear the preffure 
of the atmofphere, may bé broken by condenfed 
air, the air being exhaufted from the infide. 

A bladder that will not break with the na- 
tural {pring of the air, will foon be burft by the 
increafed elafticity of condenfed air. Indeed the 
force of condenfed air may be increafed fo as to 
counteract the greateft powers we can apply againft 
it; and as the air from it’s fituation mutt be greatly 
condenfed in the lower parts of the earth, with 
the application of heat, it may have the moft pro~ 
digious effects, producing convulfions in the body 
of the earth, and even a difruption of the parse 
extending to the furface, 

To this fufceptiblity of the air, of being con- 
denfed, and of it’s furprifing expanfive force when 
this preffure is taken off, we are indebted for the 
wind-gun, where, by gréat condenfation, the air 
gives motion to leaden bullets, after the manner of 
gunpowder. In the prefent mode of making them, 
a hollow ball is affixed to the breach of the gun, 
this holds the condenfed air, which is prevented 
from entering by a valve, which valve is governed 
by a fpring. On difcharging the cock the valve 
on but clofes almoft inftantancoufly, by means 
ofafpring. The air that efcapes forces out the 


“hall with fuch violence, that it will be driven to 


the diftancé of 60 or 70 yards, or even further, 
Several {hot may be difcharged without throwing 
freth air into. thé condenfing ball; but the force, 
as you may infer from what has been already 
explained, leffens at every difcharge, the fluid 
being lefs compreffed, and it's clafticity of courfe 
weaker. 

T thall now thew vou how condenfed air. by 
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it’s preflure on the furface of water, will give mo- 
tion to it, and produce a pleafing artificial foun- 
tain, / fig. 13, p/. 3.) This fountain confifts of a 
ftrong copper vefiel, which is to be filled partly 
with water, partly with air; this pipe is tong 
enough to reach nearly the battom of the copper 
veffel : at the upper end of the pipe is a ftop-cock. 
J full the veffel about two-thirds with water, and 
then fcrew in the pipe; the junction is you fee 
made air-tight, by means of an oiled feather ; the 
air contained between the furface of the water and’ 
the tap of the fountain, is.at prefent of the fame 
denfity with that of the armofphere. I fcrew the 
condenfing fyringe to.the upper patt of the ftop- 
<OCk, and by it throw air into the veffel, which, as’ 
it cannot return, forces it’s way through the water’ 
into the upper part of the fountain, and there re- 
mains in a ftate of greater condenfation than the 
outward air. aving thrown in as much as I 
think neceffary, I turn the ftop-cock, unferew the 
fyringe, and {crew in it’s place a jet or pipe, with 
afmall-apertureat top. 1 now turn the ftop-cock 
zgain, to open the communication between the 
external air and pipe, and the water is imumediate-. 
jy thrown up a confiderable height by the preffure™ 
of the included air; the force with which it is 
thrawn upwards is as the excefs of the preffurc of. 
the included air above rhe external air; and as the 
preffure of the atmofphere is equal to a column of 
water thirty-three feet in height, if the included: 
air is thrice as denfe as the external, the height of 
the jet will be fixty-fix feet ; bur in proportion as 
the quantity of water in the fountain is leffened, 
the air has more room to expand, it’s elafticity is. 
diminithed, and it acts with lefs force upon the 
water. : 
To render this experiment more entertaining, 

the fountain is furnifhed with a variety of curious, 
G4 jets, 
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. Jets, which may be fcrewed in the place of that 
which is now at the top of the fountain. 

Here is one that throws up a cork ball, which 
will fometimes remain fafpended onthe top of the 
water ; it will often revolve on it’s center, fall and 
rife again, fpreading the water all around. 

Another jet is made of a hollow brafs globe, 

pierced with a number of {mall holes tending to 
the center ; the water rufhing through thefe, with 
the directions in which the holes are made, forms 
a very pleafing fphere of water. 
' _ Among the variety of jets, fome forming caf- 
cades, revolving jets, &c. &c. there is none more 
ftriking, or more pleafing than one in the form of 
a crofs, in which the jets are fo accurately af Fight 
angles to each other as to meet in that direction, 
which then changes, and takes another nearly in- 
termediate with the former direction ; illuftrating 
very pleafingly the doctrine of compofition and re- 
folution of forces, in which you will be inftructed 
in our mechanical lectures, 

The condenfing fountain and it’s jets are re- 
prefented at jig. 12, 13, 14, 15, 16, 17, 18, 19. 

t. 


It will not be improper, before we proceed 
further, to recapitulate to you the laws I have ex- 
plained concerning the elafticity of atmofpheric 
air. ift, Ehave fhewn you that air may be con- 
denfed by preffure, and that the fpace into which 
it is contracted is in the inverfe ratio of the pref- 
fure ; thus, if one pound weight contracts a quan- 
tity of air, which in a natural ftate occupies the 
fpace of twelve cubic inches, into a {pace equal to 
re cubic inches, two pounds will reduce it into 
three cubic inches, three pounds into two cubic 
inches, &c. No experiments, that have been hi-- 
therto made, fhew the ultimate limits of this con- 
denfation ; for after being compreffed, as much as 
: the 
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the inftruments made for that purpofe, would 

bear, it fill feemed capable of much greater com- 

prefiion, by the application of a greater force. 

Neither prefjure, nor cold, nor any other means, 

have yet exhibited air as a_/olid, or even rendered _ 
ita cifible fluid. ‘ 

ad, You have alfo feen that as air is con~ 
tracted into a fmaller fpace by preffure, fo it, ex~ 
pands into a greater fpace when the preflure that 
. confines it is removed. The limits of this expan~ 
fion are not known, nor are there any experiments: 
to thew, that when air has attained a certain ex 
pantion, it is not capable of a greater. 

3d, The elafticity of the air does not feem to 
be impaired by a long and continued preffure, fo 
that if a given quantity of air is kept fora long 
time highly compreffed or very much rarified; it 
will always return to the fame given quantity, 
when put into the fame circumftances that it was 
in before the condenfation or rarifaction, : 

4th, Air is rarified by heat, and contracted by 
cold, * ay Seek 

sth, The weight of the atmofphere is conti- 
nually changing, fo that if at one time it forms a 
counterpoize toa column of quickfilver of: thirty 
inches, at another time it will fupport a longer co- 
lumn, and at others one not fo long. 

I may now proceed to explain to you a few 
more of thofe machines which depend on the 
‘pring and weight of air: among thefe there are 
none fo neceflary for you to be well acquainted 

with 


* Colanel Roy concludes from his experiments (Phil. Tran 
1777, P.704,) that fixty fix degrees of Farcinheit's thermometer 
dilates the air 2.58090 thoufandthis parts of it’s bulk. M. de 
Sauffure makes the fame degrce only dilate it 1.88615. Mude 
Sauflure attributes this enormous difference in their relultsto the 
diffcrence of capacities of the veffels in which the experiments 
were made, : 
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with as the different kinds of pumps. They are 
generally divided into two kinds: rft, The com- 
mon, or as it is often improperly called, the 
fucking-pump. 2d, The forcing-pump. 


Or rit Common or Howss-Pemp. 


This is faid to have been invented by Ctefebes, 
a mathematician, about-120 years before Chrift. 
‘The operation of this pump depends on the pref- 
fure of the atmofphere ; which being equivalent 
to 30 inches of mercury, or 34 fect of water ona 
givem furface, it is plain that water cannot be 
raifed by this fpecies of pump, to an altitude 
greater than that of about 34 feet: this height 
varies, being alittle greater or lefs, on account of 
the differences in the weight of the atmofphere. 
Ye is feldom, however, applied to raifing water 
above 28 feet, left the pump fhould fail in it’s 
performance. Here is a model of the common 
pump in glafs, (fig. 22, pl. 1,) that you may fee 
the action of the pifton and the motion of the 
valves. It confifts of a pipe open at both ends: 
this part which is larger than the other is called 
the body of the pump ; in this there is a moveable 
pifton: the pifton you fee fits fo exactly to thar 
part of the pipe wherein it works, that it does not 
Yet any air pafs between it and the pipe. The 
loweft point to which the pifton can be depreffed, 
and the higheft point to which it can be raifed, is 
called the jiroke of the pifton. 

Here are alfo two valves, both opening up- 
wards ; the one in the lower part of the pump, 
the other at the upper part of the pifton. I put 
the bottom of the pipe in water, and thruft the 
pifton to the bottom of the barrel or body of the 
pump, pouring fome water on it to keep the pifton 
tight, I raife up the pifton, which leaves a va~ 
cuum in the barrel, into which the air in the 

lower 
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lower part of the pipe will expand; the air in the 
pipe being thus rarified, and it’s {pring weakened 
by the expantion, it preffes lefs upon the furface of 
the water in the pipe, than the atmofphere does 
on the furrounding water; confequently the water 
will rife in the tube till the air within is as denfe. 
as that without, and thus reft between two equal 
preflures. I then deprefs the pifton, but the 
valve which opencd to let the air come out of the 
Pipe, will permit none to go back again; it there~ 
fore forces it’s way through the valve in the pifton,: 
and mixes with the commoii air. After a few 
f{trokes the whole of the air is extracted, and then 
the water rifes through the valve, and is difcharged 
bythe pifton: the water will now continue to run 
out of the fpout as long as I continue to work the 
pump. You fee that every time the pifton is 
lifted up, the lower valve opens, and the upper 
one clofes; but on depreffing the pifton the lower 
valve clofes, and the upper one opens: it is: by 
this fimple mechanifm that we fo eafily raife 
water, and avail ourfelves of the preffure of the: 
atmofphere ; the pifton in rifing, lifting wp alt 
the water above it and difcharging it, and while 
it rifes, more water paffes through the lower valve' 
to be lifted up at the next {troke of the pifton. 
Though the preffure of the atmofphere will 
not raife water higher than 34 feet; yet when the 
water has once got above the pifton, it may be 
lifted thereby te any height, if the pifton-red be 
snade long enough, and a fuflicient degree of power 
or ftrength be employed to raife it with the weight- 
of water above the pifton. ‘ - 
ff a pump admits or takes air at the lower 
valve, the water will fall down into the refervoir, 
sfor the fame reafon that the mercury would fall 
eut of the tube of a barometer, if the air was ket: 


e 
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eut of a pump for fome time, the leathers of the 

valves grow dry, and will neither open nor fhut 

freely ; the leather round the pifton grows dry 

alfo, and will not then fill exactly the cavity of the 

barrel. The mode ufed fo fetch the water again, 

as it is calicd, is by pouring a pail-full of water 

down the pump, to moiften the valves, and make 

them fhut and open frecly, and fwell the feather 

sound the pifton, fo that it may fill the cavity of 

the barrel ; when this is done, the pump will work . 
as well as before. ; 

* The force required to work a pump, is as the 

height to which the water is raifed, and the fquare 

ef the diameter of the barrel in which the pifton 
works. 

Confequently, if there be two pumps of equal 
heights, but the diameter of the one /wzce as large 
as that of the other, the largeft will raife four times 
more water than the fmaller one, and will require 
four times as much ftrength to work it. 

The diameter of the pump in any other part 
but where the pifton works, does not increafe or 
diminifh the difficulty of working it, except fome 
difference occafioned by friction, which is more 

' in a narrow bore than a wide one. The handle 
acts as a lever, to give an advantage to thofe who 
work the pump. 

The longer ftroke the pump makes, the more 
water it raifes with the fame power, lefs water 
being loft by the fhutting of the valve. 

# Here it may be neceflary to obferve, that 
though the preffure of the air on the water in the 
well, &c. will raife this water, yet this affiftance is 
counterballanced by the weight of the atmofphere 
on the water thus raifed on the pifton; fo thar the 
advantage obtained by this engine, is that of put- * 
ting things into a more conyenicnt and manageable 
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member this circumftance, as you will find it take 
place in almoft every other piece of mechanifin. 


Ov THE Forcrnc Pump; 


Or that kind which raifes water by the force of 
condenfed air. 


Of this kind here is alfo a model, (jig. 24, p/.1,} 
by which you fee, that the pipe and body, or barrel 
of the pump, is the fame as the preceding one, 

- but that there is no valve in the pifton: at the 
bottom of the barrel there is a {mall tube placed 
at right angles to the barrel of the pump; to the 
other end of this tube is cemented a ciftern, into 
which the water is to be forced; from the top of 
the ciftern there is a tube which goes nearly to the 
bottom thereof. You obferve alfo two valves, one 
fixed near the bottom of the barrel, the other in 
the {mall tube or forcing-pipe. ‘This pump acts 
in the firft place by the atmofpheric preffure, as 
the preceding ; and then by forcing the water into 
this ciftern, the air in which being condenfed, will 
prefs upon the water, and throw it up a confider- 
able height, in the fame manner you faw it a@ in 
the condenfing fountain. 

I fhall now work it to fhew you the effec :’ 
when I lift up the pifton, the air between that and 
the water below having room, dilates itfelf, and 
prefles lefs ftrongly on the water, and a few ftrokes 
will foon bring the water above the valve in the 
barrel, When the pifton defcends, as the water 
cannot pafs through it, nor back again into the 
lower part of the pump, it is forced through the 
bent pipe and valve into the refervoir or air-veffel; 
the moment I raife the pifton again, this valve you 
{ce fhuts, and prevents the water in the air-veffel 
from returning. : 

Thus being by repeated ftrokes forced into 
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pipe, and then begins to condenfe or crowd the air 
into a-fmaller {pace ; for as the fmall pipe is fixed 
fo as to be air-tight at the top of the refervoir, 
and the air has no way of efcaping but through it, 
that way is cut off when the cnd thereof is covered 
with water; the air is more and more condenfed 
as the water rifes, fo much fo, that you fee by it’s 
preffure on the furface of the water it forces it 
through the pipe in a jet to a confiderable height, 
while I fupply it with water, by continually werk-: 
ing the pifton: the higher the furface of the water 
is raifed in the air-veffel, the fmaller you fee is the 
fpace into which the air is condenfed, and the 
more powerful it’s action on the water, whichit 
drives with greater force through the pipe; and as 
the fpring of the air remains and acts while I am 
raifing the pifton, the {tream continues uniform as 
Jong as I work the pump. : 

Water may be raifed by a forcing-pump. to 
any height above the level of a river or fpring, 
and machines may be contrived to work thefe 
pumps, either by a running ftrcam, a fall of water, 
by horfes, or by fteam. 7 

The water-works at London-bridge exhibit a 
moft curious engine of this kind: the wheel-work 
is fo contrived as to move cither way as the water 
runs ; the engines are faid to raife above 140,000 
hogfheads of water each day. 

The engine ufed for extinguifhing fircs, acts 
as a common and forcing-pump, and raifes water, 
as you have feen, to great heights, and with confi- 
derable velocity. 


Or tHe Sypuon, 


This, though a fmall inftrument, muft not be 
neglected : it confifts you fee of a bent tube, one 
end of which is longer than the other. I immerse 
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draw the air out of this tube by my mouth, and 
you fee that as foon as the air is drawn out of the 
tube, the preffure thereof on the water in the 
veffel will force it up the fhorter leg, over the 
bend, and down the other; and when I take my 
mouth away from the longer leg, it will begin to 
run out, and continue running till it is belew the 
aperture of the fhorter leg. The water is raifed 
in the lower leg by the preffure of the air, and if 
. the legs ‘of the fyphon were equal, it would not 
run out, as there would be an equal preffure on 
both ends, one counteracting the other; but when 
one leg is longer than the other, the water begins 
running from the excefs of it’s weight, and the 
continuation of the motien probably arifes -from 
the nature of a fluid fubftance; or as the prepon- 
derating weight in the longer leg renders the 
preifure of the air on that leg lefs effectual than 
on the other, the water neceffarily moves to that 
part where there is lefs preffure. 
The fyphon may be difguifed fo as to produce 
a great many entertaining and apparently fur~ 
prifing effects. Thus it may be concealed in a 
cup, (fig. 20, pl. 3,) which will hold the liquor 
contained in it till it has attained a certain height, 
when it will begin to run out, and continue fo 
to do till the veifel is emptied. Here is a cup 
with a figure ftanding in the center; I pour water 
into the cup, and you fee it remains there: it has 
now nearly reached the lips of the figure, and the 
fyphon contained therein begins to act; the water 
rifes in the fhorter leg by it’s natural preffure as 
high as it’s own level: when it has got beyond’ 
the bend of the fyphon, it is drawn away by the 
longer leg. There are many artful ways of con- 
~ cealing thefyphon, and rendering it’s effects more 
’ ftrange and amufing; fometimes the fyphon is 
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called Tantalus’s cup, from the fable of Tantalus, 
thus defcribed by Homer: 


There Tantalus along the Stygian bounds, 
Pours out deep groans! (with groans all hell 
abounds) 
F’en in the circling floods refrefhment craves, 
And pines with thirft amidft a fea of waves ; 
And when the water to his lips applies, 
Back from his lips the treacherous water flies. 
Above, beneath, around his haplefs head,“ 
Trees of all kinds‘delicious fruitage fpread. 
There figs, high-dyed, a purple hue difclofe ; 
Green looks the olive, the pomegranate glows: 
There dangling pears exalted fcents unfold, 
And yellow apples ripen into gold. 
The fruit he ftrives to feize, but blafts arife, 
Tofs it on high, and whirl it to the fkies. 


The fyphon affords a very probable folution 
of the nature of intermitting /prings, which I muft 
illuftrate by a diagram. Let HHKB, (jig. 2, 
pl. 4,) reprefent a cavity in the bowels of a moun- 
tain, from the bottom of which proceeds the 
irregular cavity BD ET, forming a fyphon. Now, 
af by means of rain, fprings, or any other caufe, 
this cavity begins to fill, the water will at the 
fame time rife in the leg of the fyphon or cavity, 
till it has attained the horizontal level, when it 
will begin to flow out by means of the lee DE T, 
and will continue to rife and increafe in the quan~ 
tity difcharged, as the water rifes higher, till at 
length the {yphon will pour out a full ftream, and 
thus empty the cavity. The ftream will now 
ceafe till the cavity’ fills again, when it will -ex- 
hibit the fame appearance ; and thefe periodical - 
returns of flood and ceffation will be regular, if 
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6f the return muft depend on the dimenfions of . 
the cavity, and many other circumftances. 

Many inftances of this kind occur in nature. 

— As,Gravefend there is faid to be a pond, out of 
whiclt tke water ebbs all the rime the tide is com. 
ing into the adjacent river, and flows during the 
time that the tide is going out. This appearance 
probably arifes from a fubterrancous refervoir, 
equal in capacity to the quantity of water that 
rifes and falls in the pond : between this refervoir 
and™tre pond there may be a natural fyphon, by 
which they communicate with each other, and a&t 
as we have already explained; and a fécond na- . 
tural fyphon may, in the fame manner, convey the 
water away from the pond, when it is filled to a 
certain height. : 

‘At Lambourn, in Worcefterfhire, there is a 
brook which in fummer-time receives a flow of 
water fufficient to turn a mill, but in winter it 
runs a very inconfiderable ftream. It is probably 
occafioned by a darge fubterrancous refervoir, filled 
to a certain height by the winter rains, fnows, &c. 
and that then a natural fyphon takes effect, and 
brings away the water in a ftream equal to it’s 
bore, till it has emptied the refervoir as far as it’s 
action reaches. F : . 

This is illuftrated by this apparatus, (fig. 4, 
pi. 3.) The upper box (A) is filled with water ; 
a {mall pipe carries water from this box to the 
fpring at G, where it will run ‘eff conftantly. 
Another fmall pipe (D) carries water from the 
upper box to the under one (B) or well, from 
which a fyphon proceeds that joins with the for~ 
mer pipe: the bore of the fyphon is larger than 
the bore of the feeding pipe (D); as-the water 
from this pipe tifes in the well B, it will alfo rife 
is high in the fyphon E.e-F; and when the fyphon 
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bend and go off at the mouth, and will make @ 
great ftream at the fpring, and that fiream wilk 
continue till the fyphon has carried off all the 
water from the well; the fyphon carrying off th~ 
water fafter than the pipe brings water ta,it, and 
then the {well will ceafe, and only the water from 
the fmall pipe will run off, till the pipe fills 
the well again, when the operation will recom- 
mence. 

A very elegant writer, Ox the Sublime and 
Beautiful, concludes his account of the paSons 
thus: The more accurately we fearch into the 
human mind, the ftronger. traces we every where 
find of bis cifdom who made it. Ifa difcourfe 
on the parts of the human body may be ‘confi- 
dered as a hymn to the Creator, the ufe of the 
paffions, which are the organs of the mind, can- 
not be barren of praife to him, nor unproductive 
to ourfelves of that noble and uncommon union 
ef {cience and admiration, which a contemplation 
of the work of infinite wifdom alone can afford 
a rational. mind, while referring to him whatever 
we find of right, or good, or fair in ourfelves, 
difcovering his ftrength and wifdom even in our 
own weaknefs and imperfection, honouring theny 
where we difcover them clearly, and adoring their 
profundity, where we are loft im our fearch: we 
may thus be inquifitive without impertinence, and 


_ clevated without pride. We may be, admitted, 


if I dare fay fo, into the counfels of the Almighty, 
by a confideration of his works. This elevation 
of mind ought to be the principal end of all our 
fludies, which, if they do not in fome meafure 
effect, are of very little fervice to us.” 

With this view thefe Lectures were written ; 
to open and exalt your minds, by ‘giving you juft, 
views of the nature of your fituation, both with 
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and that while I was enlightening your under- 
ftandings, and difplaying the beauties and glories 
with which you are environed, I might alfo incline 
yesa.wills to the purfuit and practice of goodnefs, 
render yes-triends to religion, and lead you to love 
it’s principles, adore it’s author, and praife it’s 
precepts. 

While you are taking leffons from Nature, and. 
examining the wonderful and variegated pheno- 
mena_fhe prefents to your eyes, fhall we neglect 
to fhew that fhe continually leads to the true, the 
deautiful, and the good—to thé fupreme Being, the 
fource of all ¢ruth, the fountain of all good. ~ 

Wife and good:‘men have always admitted the 
alliance between philofophy and divinity, and 
have pronounced that nature was but: half-ftudied, ° 
till it enabled us to contemplate the great objects 
of religion with fuperior light. 

But, as paradoxical writers have affirmed, 
that infidelity would gain ground as philofophy 
advanced; and as we have feen Voltaire turn the 
little philofophy he was mafter of to the difad- 
vantage of religion, and endeavour, from his mole- 
hill of fcience, to difcredit Chriftian truth, and 
bring faith and virtue into contempt, it is ne- 
ceffary to fhew, that from true philofophy and a 
right ufe of reafon our religion has nothing td 
apprehend; that the more carefully and candidly 
they are ftudied, the more confpicuous will it’s 
truth and beauty appear; and that no man can be 
made averfe to the word of God, by adrhiring his 
works, or raife objections againft his truth, from 
the ftudy of his power and wifdom. 

Religion ever had, and always muft have, the 
character of it’s author vifibly ftamped upon it; 
cand nothing can be found therein that is not infi- 
'nitely kind and infinitely wife. The great aim of 

fea in eftablifhing it is, to advance the se saa 
H2 7 ° 
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of man, and to advance it in a method confonant 
to thofe principles he has implanted in him: 

Let no one then perfuade you that an at- 
tention to the duties of religion is a fign of a.neor 
and mean f{pirit, and fit only for the io=<Wnt and 
fuperftitious. For religion, which is the habitual 
exercife of your beft affections towards God, and 
towards man for his fake, is the nobleft difpofition 
of the greateft and the nobleft minds, the foundation 
of all wifdom, the path to every thing defirable 
and good. And thofe who conceive it réCéives 
any advantage frofm ignorance, are neither ac- 
quainted with the nature of religion, the nature 
of God, nor the principles of their own nature : 
for happinefs, which we are all in fearch of, con- 
fifts ina certain fate or habit, and in a certain 
affection and difpofition of the foul; and whatever | 
places the foul in this ftate, or produces this habit; 
whatever contributes to bring it into this ftate, or 
to maintain it therein; whatever difpofes the foul 
to acquire this habit, or advance it’s progrefs to- 
wards it; every fuch thing is to be ranked in the 
number of a man’s greateft goods. Now, it is 
felf-evident, that nothing but the cultivation and 
practice of every religious virtue can put you 
in poffeffion of this ftate, and render you truly 
happy. . 

‘You will find no object fo worthy of your 
utmoft attention as your Creator; nothing that 
will advance your attainment of this glorious 
knowledge fo much as a ftudy of yourfelf by the 
light of revelation. Wifdom and happinefs. are 
one, to be truly wife is to be really happy: to be 
really happy, you muft unite the love of God and 
man. 
« The greateft men of the heathen world, Plato, 
Pythagoras, Socrates, Epictetus, Marcus Antoninus, 
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They were full of God. Their wifdom ard deep 
contemplations only tended to deliver men from ° 
vanity of the world, the Mavery of bodily paf- 
fiotixyhar_ they might act as fpirits that came from 
God, and were to return to him. : 

* There is nothing, therefore, that will raife 
you fo much above vulgar minds, nothing that’can - 
render you truly w/e, great, and_ noble, but 
rightly to know and worfhip your God and Sa~~ 

- ~ yviewx.avho is thé fupport and life of all fpirits, - 
whether in heaven or on earth.’ af 

Believe not thofe who defcribe religion as 
fevere, paint her’ afpe% as forbidding, or repre- 
fent her determinations as gloomy. She incul-. 
cates no feverity of manners; mecknefs and hu-: 
mility are her fundamental graces: fhe grants you 
without reftraint every rational pleafure, every’ 
enjoyment that can be productive of good to’ 
others, or that you can look back upon with fa- 
tisfation yourfelves; She denies you only what. 
would be detrimental to fociety, and would entail 
pain, mifery, or difeafe on yourfelves. : 

The means of happinefs are placed in all 
our hands, but religion alone can enable you to 
ufe them properly, She is to the mind what health 
is to the body; not only the firft and greateft of 
all pleafures, but the only medium through which 
others can be enjoyed. Her pleafures are deeply 
rooted in the heart, founded on the reafon of 
things, permanent as the immortal fpirit where it 
dwelleth, and durable as the eternal object whereon 
it is fixed. If you, after a weary and diligent 
flight in fearch of happinefs, can find a furer 
ground on which to reft the fole of your foot, there 
let it reft. If you can find a better and firmer 
foundation on which to build your happinefs, there 
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Pa 
The deftructive ideas of the atheifts of France, 
who, under the veil of philofophy, have long 
concealed their atrocious defigns on the peace ang.- 
happinefs of mankind, render it more nece*Zry 
to prefs thefe fubjects on your minds3 tor who 
without deteftation can have feen their attempts, 
or have looked without horror on their: {chemes. 
~<A very flender confideration will prove to 
you, that all men would be politically happy, 
af no one endeavoured ‘to injure. another, _Tke-~ 
reftraints of civil fociety aim at accomplifhing this 
object, but vain will be the endeavours of govern- 
ment, unlefs each individial will co-operate to 
the great purpofe, by reftraining his own malig- 
nant paffions. No principles that do not inculcate 
this felf-denial, can ever promote the happine/s 
of man, nor can any principles furnifh motives for 
the law of /elf-refraint, but thofe derived from 
religion. Thus may you obtain other proofs of 
it’s weight and importance. Thus you may be 
enabled to judge of the writings and principles of 
thofe who wifh to: deprive you of happinefs here- 
after, and rule over you bere under the pretext of 
liberty. No real repofe can be obtained in fociety, 
byt that which is produced by a religious morality, 
by which alone each individual can contribute to, 
and enjoy the happinefs of others, both paft, pre~ 
fent, and future. 
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APPENDIX TO LECTURE IL 
Osu IMPROVEMENTS on tHe Air-Pump.* 


TO no invention is natural philofophy more 

indebted than to that of the arr-puMP: eveit iit 

it’s original imperfect ftate it was the occafion “of 
many important difcoverigs ; thefe have been -fince 

“fraiiiphed and extended bia degree of which it’s « 
firft contrivers could have n& idea, and fcience 

feems to have advanced, in proportion as this in- 

ftrument has been improved. 

The air-pumps in mot general ufe are 
made either with ftop-cocks or with -valvéi, 
to prevent the return of the air into the receiver, 
cout of which it liad been exhaufted. The pumps 
with ftop-cocks, when well made and newly put 
together, are generally found to rarify the air to a 
greater degree than thofe which are made with 
valves ; but after being fomé time ufed, they bée- 
come lefs accurate than the valves. The valves” 
are alfo imperfect ; for the external air, prefling 
upon that in the pifton, prevents it’s rifing when 
the elaftic force of the air in the receiver under 
exhauftion is much diminifhed. ; 

This inconvenience was entirely removed by 
a contrivance which cut off the communication 
between the infide of the barrels and the outfide 
air, fome defects, howeverremained ; it will there- 
fore be neceffary to dwell a little longer on this 
conftruction, and to compare it more particularly 
with thofe ufually made. 

Hy I have ~ 
* Cuthbertfon’s Defeription of an improved Air-Pump. 


Philof. Tranf, for 1751 and 1752, and 1783, 
American Tranf, vol. 1. Bofton, 1785. 
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1 _ 
T have already obferved to you, that the valve 
at the bottom of an air-pump is opened by the 


{pring of the air-acting againft it underneath, whea— 
the weight of the airs removed from the “7p of 
"the valve, by raifing the pifton in the“arrel. 


In order to remove this refiftance from the 
top, the pifton fhould be made to fit exactly to the 
yalve plate, when put down upon it;. for if there 
be any fpace between the bottom of the pifton and 
valve, it will retain parc of xthe air ; and this-ais—- 
(even when the pikon is at. the higheft) will, by 
it’s expanfion, in fome meafure, obftruct the open- 
ing of the valve. 

When the air in the receiver, or underncath _ 
the valve, is rarified to.an equal degree with the 
air contained in the barrel, (the pifton being 
drawn up to the higheft,) the valve cannot rife, 
becaufe the refiftance above is equal to the power 
below. : 

The refiftance from this air contained in the 
barrel againft the valve at.the bottom will be uni- 
formly the fame, while the pifton is at the fame 
_ diftance from it, becaufe the atmofphere is conti- 
nually preffing on the pifton: valve, and will pre- 
yent the air below pafling through it, while this air 
is rarer than the atmofphere ; and when the pifton 
is put down to the bottom of the barrel, it will 
not efcape through the pifton, but only be com- 
preffed into the vacancy between the bottom of 
the pifton, and the valve plate at the bottom of 
the barrel, and be of equal denfity with the atmo-, 
{phere. ote 
Befides the refiftance arifing from the retained 
air, you are alfo to confider that the weight of the 
valve, its tenacity, its cohcfion to the plate occa- 
fioned by the oil, and its being ftrctched tight over’ 
the hole, all increafe the obftruction, efpécially, 
: > when 
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when the {pring of the air under the valve is much 
weakened by rarifaction. 

—— Jf the refiftance arifing from thefe caufes be 
uw sn into & the account, the denfity of the air in the 
barrel, Wren compreffed in the above-mentioned 
vacancy, will be as much greater than the denfity 
of the atmofphere above the pifton, as is added 
thereto by this refiftance, for this ob{truction bey 
longs to both y And fo alfo when this re~ ° 

tained air is expanded, xay one hundred times,:by 
raifing the pifton, the air im<he receiver cannot be 
rarified to the fame degree, becaufe of this refift-. 
ance of the valve at the bottom of the barrel. 

Thefe difficulties Mr, Smeaton endeavoured 
to remove, by expofing a, much lasger furface of 
the lower valve to the air underneath, by placing - 
it on a kind of grate, which. leffened ‘the cohefion, 
while from the fize more power could apply to open 
the valve, 

He, ina great none, removed the difficulty 
arifing from the air retained in the barrel, by mak- 
ing the pifton fit more nicely to the bottom, and 
by taking the weight of the atmofphere off the piftens - 
this allowed. the pifton valve to open more eafily, — 
fo that much more of the air could pafs. through it. 

The weight of the atmofphere was remoyed 
from the pifton, by clofing the top of the barrel 
with a plate, on which he fixed’ a collar of leathers; 
through this the cylindrical part of the pifton-rod 
moves air-tight. And the air, having paffed through: 
the pifton, is forced out of the barrel through a 
hole in the top plate, over which is a valve. to 
prevent the return of air when the pifton defcends, 
which is made to fit as exactly to the top as to the 
bottom of the barrel, to exclude the air more 
effectually. 

This being underftood you will be able to fee 
yore clearly the value of the improvements made 

on 
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on the air-pump, by the Rev. Mr. Prince, of the 
Maflfachufet’s State, who, judging from attempts 
already made, in order to lefien the imperfectio; 
of the valves, that if he could take way tipo 
entirely, the rarifaction might be carfied on ftill 
farther; he conftructed a pump upon that plan. 
To effe& this, he removed the lower valve, and 
opened the bottom of the barrel into a ciftern on 
. Which it is placed, and whieb-has a free commu- 
Hication with the recever; for the valve an the 
upper plate, at the ¢%p of the barrel, (which is 
conftru@ed hike Mr. Smeaton’s,) makes it unne- 
ceffary there fhould be any at the bottom in order 
torarify the air in the receiver. 

The ciftern was made deep enough to allow 
the pifton to defcend below the bottom of the 
barrel. If the: pifton be folid, that is withour a 
walve, when. it enters the barrel and rifes to the 
top plate (which is made air-tight by a collar of 
leathers,) it forces out all above it; and as the 
wir cannot return into the barrel on account of the 
yalve on the top plate, when the pifton defcends 
there will be a vacuum between it and the plate, 
every thing being fuppofed perfect. 

But in working the pump, the pifton only 
defcends below a hole in the fide of the barrel, 
near the bottom, which opens a free communica~ 
tion between the barrel, ciftern, and receiver. 
Through this hole the air rufhes from the ciftern 
into the exhaufted barrel, when the pifton has been 

. dropped below it; and, by it’s next afcent, this 
air is forced out as the other was before. If the 
capacity of the receiver, ciftern, pipes, &c. below 

_ the bottom of the barrel, taken together, be equal 
to the capacity of the barrel, half the remaining 

air will be expelled by every ftroke. 
But as working the pumps with a folid pifton 
would be laborious, on account of the eu 
wou, 


Pas 
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would meet with in it’s defcent from the air beneath, 
(though this would be leffened every ftroke as the 
—ir becomes more rarified,) Mr. Prince pierced a 
hoic ~h. ough the pifton, and placed a valve over 
it, which pened with fufficient eafe to prevent 
any labour in working the pump, by allowing the 
air to pafs through the pifton in it’s defcent. 
. But the efcape of the air does not neceffarily-- 
depend upon a pafleee~through the pifton in order. 
ae sitothe are 3 foxy Chien the air becomes 
fo weak from its rarifaction what it cannot open - 
-this valve, it will {til get into the barrel when the 
communication therewith is opened by the hole 
-at the bottom. The pifton will therefore defeend 
as eafily as any other, while at the fame tinie’ it’s 
valve does not impede the rarifaction. Thus the 
valves, which Mr. Smeaton only made to open with 
more eafe, are rendered unneceflary towards rari- 
fying the air, while that at the bottom of the bar. 
rel is entirely removed, that on the top plate being 
the only one neceffary for rarifying the air. , 

Having thus fet afide the valve, Mr. Prince*s - 
next attempt was to expel the air more perfectly - 
out of the barrel than by Mr. Smeaton’s pump; and 
this he effected by making a better vacuum between 
the pifton and the top plate, to allow more air to 
expand itfelf into the barrel from the receiver.. 
Removing the preffure of the atmofphere from the 
valve on the pump-plate, by means ofa {mall pump 
of the fame conftru@ion with the large one, which-- 
he denominates the valve-pump; and the air wilt 
evacuate itfelf fo mich the more, as the valve of 
the pifton opens with more eafe, which is -her& 
the cafe. 

For the further peculiarities in this conftruc- 
tion, I muft refer you to the original paper of the 
author, as what I have already related is fully fuf.- 
ficient to render you matter of the principles en 
which it acts, Ou 
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On the fucceffive degrees in which the air is rarified- 
by a common air-pump. ae 
at 


AS you are now fufficiently acquainted with 
the fabric and contrivance of the pump, fo as to 
underftand in general the manner of its operation, 


F fhall now enter on fome pastieulars which have 
not been hitherto cong Ye bin 
It may perhapsf6n a firft view not feem im- 


probable that an equal evacuation is made at each 

ftrokeof the pump, and confequently that the receiver 

may, after a certain number of {trokes, be perfectly - 
exhaufted ; for it muft be allowed, if an equal 

quantity of air is taken away at every ftroke, that 

the receiver will in time be perfectly exhaufted, 

how fmall foever thofe equal quantities which are 

continually taken away may be fuppofed to be, 

Thus, if the air which goes out of the receiver at 

each turn of the pump be but the hundredth part of 
what was at firft included in the receiver, it is cer- 

tain that a total evacuation will be made after an 

hundred turns. That things are thus, may at firft 

view, I fay, feem not improbable; but if we confider 

the matter more nearly, we fhall find it to be far 

otherwife. 

What I fhall endeavour to make out to you is 
this; thar the quantities exhaufted at every ftroke 
are not equal, but are*perpetually diminifhed, and 
grow lefs always fo long as you continue to work 
the pump: that no receiver can ever be perfectly 
and entirely evacuated, how long time foever you 
employ for that purpofe, notwithftanding that the 
engine be abfolutely free from all defects, and in 
the greateft perfection which can be imagined. 
It may appear to be a paradox, that a certain quan- 
tity of the air in the receiver fhould be removed at 

every 
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every turn of the pump, and yet that the whole can 
never be taken away; but I hope I fhall eafily 
fatisfy that it is not a miftake. Laftly, that I may 
not feem too much to depreciate the value of our 
engine, I have this further to fay for it, that though 
it be impoffible by its means to procure a ‘perféct 
vacuum, yet you may approach as near toit as you 
pleafe. . By a perfe@& vacuum here, I mean in re- 
tpect of air only, not an abfolute vacuity in refpeet 

of every thipe-chich isizterial ; for, not to mention 
what omer fubtile bodies ma>nofibly be lodged in our 
receivers, it is matter of fact, that the rays of light 

—™ are not excluded from thence. 

In order to make out thefe affertions, I hall 
“in the firft place lay down this rule—That the 
quantity of air which is drawn from the receiver 
at each ftroke of the pump, bears the fame pro- 
portion to the quantity of air in the receiver im- 
mediately before that ftroke, as the capacity of the 
barrel into which the air paffes from the receiver 
does to the capacity of the fame barrel and the 
capacity of the receiver taken together. You may 
remember that in each barrel there are two valves, 
whereof the lower is placed at the bottom of the 
barrel, and the upper is fixed upon the pifton. 
Now the hollow {pace which lies betwixt thefe 
valves, when the pifton is raifed as high as it cait 
go, is what I call the capacity of the barrel; for 
the other part of the cavity of the barrel, which 
is above the pifton and the upper valve, is of 
no ufe in evacuating the receiver, and there- 
fore ought not here to be confidered. Upon a 
like account, by the capacity of the receiver, I 
mean not only the fpace immediately contained 
under the receiver, but alfo all thofe other hollow 
fpaces which communicate with it, as far as to the 
lower valves: fuch you may remember are the cavi- 
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and the cavity in the upper part of the gage above 
the quickfilver. Thefe additional {paces are very 
fmall and inconfiderable: yet if we would be exact, 
they alfo muft be taken into the account and 
looked upon as parts of the receiver, Now, to 
underftand the truth of this rule, we mutt obferve, 
that, as the pifton is moved upwards from the bot- 
tom of the barrel, it would leave a void {pace be~ 
hind it, but this effect is prevented by the rufhing 
in of air from the receiyes7~ The ars,,you know, 
by it’s elafticity, is aprAys endeavouring to~expand 
itfelf into larger dirfenfions, and it is by this en- 
deavour that it opens the lower valve, and: paffes 
into the hollow part of the barrel as the pifton 
gives way to it; and this it will continue to do, 
till it comes to have the fame denfity in the barrel 
as in the receiver: for, fhould its denfity in the 
- barrel be lefs than in the receiver, it’s elattic force, 
which is proportionable to its denfity, would be 
Jefs alfo, and therefore it mutt {till give way to the 
air in the receiver, till at length the denfities be- 
come the fame. The air then, which immediately 
before this ftroke of the pump (by which the 
fucker is raifed) was contained in the receiver 
only, is now uniformly diffufed into the re¢eiver 
and the barrel; whence it appears that the quan- 
tity of air in the barrel is to the quantity of air in 
the barrel and receiver together, as the capacity 
of the barrel is to the capacity of the barrel and 
receiver together. But the air in the barrel is that 
which is excluded from the recciver by this ftroke 
of the pump, and the air in the barrel and receiver 
together is what was in the receiver immediately 
before the ftroke. Therefore the truth of the rule 
is very evident, that the quantity of air which is 
drawn from the receiver at each ftroke of the 
pump, bears the fame proportion to the quantity-of 
air in the receiver immediately before that ftroke, 
4 . as 
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“asthe capacity of the barrel into which the air 
pafies from the receiver does to the capacity of 
the fame barrel and the capacity of the receiver 
taken together. To illuftrate this further by an ex." 
ample, let us fuppofe the capacity of the receiver to 
be twice as great as the capacity of the barrel; 
then will the capacity of the barrel be to the ca- 
pacity of the barrel and receiver together as one 
to three, and the quantity of air exhaufted at each 
turn of the pupp-<iste-the quantity of air which was 

sin the prot evimmediately before that turn, in the 
fame proportion. So that by the firft ftroke of 

- the pump, a third part of the air in the receiver is. 
taken away ; .by the fecond ftroke, a third part of 

-~the remaining air is taken away; by the third 
ftroke, a third part of the next remainder is ex- 
haufted ; by the fourth, a third part of the next; 
and fo on continually; the quantity of air eva~ 
cuated at each ftroke diminifhing in the fame 
proportion with the quantity of air remaining in 
the receiver immediately before that ftroke: for 
it is very evident, that the third part, or any other 
determinate part, of any quantity, muft needs bé’ 
diminifhed in the fame proportion with the whole 
quantity itfelf. And this may fuffice for the 
proof of what I afferted in the firft place, viz. that 
the quantities exhaufted-at every ftroke are not 
¢qual, but are perpetually diminithed. 

I fhall now proceed to fhew that the air re- 
maining in the receiver, after, every ftroke, is di+ 
minithed in a geometrical progreffion. It has 
been proved that the air remaining in the receiver, 
after each ftroke of the pump, is to the air which 
was in the receiver immediately before that ftroke, 
as the capacity of the receiver isto the capacity of 
the barrel and receiver taken together ; or, in other 
words, that the quantity of air in the receiver, by 
each ftroke of the pump, is diminifhed in the 

proportion 
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proportion of the capacity of the receiver to thie 
capacity of the barrel and receiver taken together 3 
each remainder is therefore evermore lefs thar 
the preceding remainder in the fame given ratio; 
that is to fay, thefe remainders are in a geometrical 
progreffion continually decreafing. Let us return 
again to‘our former example which may afford a 
fomewhat different light into this matter. The 
quantity exhaufted at the firft turn, you remember, 


was a third part of the gy Trxeceiver, and 
therefore the remaindg/will be two-thitds of the ’ 
fame ; and for the like reafon the remainder after 


the {econd turn will be two-thirds of the foregoing 
remainder, and fo on continually, the decreafe | 
being always made in the fame proportion of two- 
to three; confequently the decreafing quantities 
themfelves are in a geometrical progreffion. It 
was before proved that the quantities exhaufted at 
every turn did decreafe in the fame proportion 
with thefe remainders; therefore the quantities 
exhaufted at every turn are alfo in a geometrical 
progreffion. Let it then be remembered, that the 
evacuations and the remainders do both of them 
decreafe in the fame geometrical progreffion. If 
the remainders do decreafe in a geometrical pro. 
greffion, it is certain you may, by continuing the 
agitations of the pump, render them as fmall as 
you pleafe; that is to fay, you may approach as 
near as you pleafe to a perfect vacuum. But not- 
withftanding this, you can never entirely take away 
the remainder. If it be faid that you may, I prove 
the contrary thus—Before the laft turn of the 
pump, which is faid wholly to take away the re- 
mainder, it muft be confeffed there was a re- 
mainder; this remainder, by that laft turn of the 
pump, will only be diminifhed in a certain pro-~ 
portion, as has been before proved ; therefore it 
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There are three kinds of gages ufed with the 
air-pump to meafure the degrees of exhauftion; 
the firft, called the long barometer gages the fe- 
cond, the jbort barometer gage; the third, the 
Pees gage, or manometer. The two firft fhew 
the elaflicity of the fluid in the receiver, but do not 
ee whether it be permanently elaftic air ; 
the third fhews the dentity of the air left in the 
receiver, withourrey, sardingr fuch vapours as may 
affume anetditic form in the s vacuum, fig. 11, pid. 
The fhort gage is often made in the form of an. 
inverted fyphon, with one leg open, and the other 
hermetically fealed ; this is fomctimes called Mai~ 
AN’ s gage, fig. 12, pl. I. soe 

It may not be improper in this place to fay 
fomething concerning the gradual afcent of the 
quickfilver in the long barometer gage, upon 
which we have made fome experiments. You have 
obferved, that as we continue to pump, the quick- 
{ilver continues to afcend, approaching always more 
and more to the flandard altitude in the weather- 
glafs, which you know is about twenty-nine and a 
half inches, being a little under or over according 
to the variety of feafons. What I fhall now en- 
deavour to make out to you is this: that the defect 
of the height of the quickfilver in the gage from 
_the ftandard altitude, is always proportionable to, 
the quantity of air which remains in the receiver: 
that the altitude itfelf of the quickfilver in the 
gage is proportionable to the quantity of air 
which has been exhaufted from the receiver ; that 
the afcent of the quickfilver, upon every turn of 
the pump, is proportionable to the quantity eva- 
cuated by cach.turn. 

In order to underftand thefe affertions, you 
are to confider that the whole preffure of the at- 
mofphere upon the ciftern of the gave is equiva~ 
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filver of the ftandard altitude. Therefore, when in 
the gage, the quickfilver has not yet arrived to 
the ftandard altitude, it is certain the defect of 
quickfilver is f{upplied by fome other equal force, 
and that force is the elaftic power of the air yet 
yemaining in the receiver, which, communicating 
(as you remember) with the upper part of the 
gage, hinders the quickfilver from afcending, as 
it would. otherwife do, to Ep, mS 
The elafticity of the air in the réteiwer is then 
equivalent to the weight of the deficient quick- 
filver: but the weight of that deficient quickfilver . 
is proportionable to the fpace it fhould poffefs, or 
to the defect of the height of the quickfilver in. 
the gage-from the ftandard height : therefore the 
elafticity of the remaining air is alfo proportiona- 
ble to the fame defect, And fince it was formerly 
proved, that the denfity df any portion of air is 
always proportionable to its elafticity, and the 
quantity in this cafe is preportionable to the den- 
fity, it follows, that the quantity of air remaining 
in the receiver is proportionable to the defect of 
the quickfilver in the gage from it’s ftandard al- 
titude, which was the firft thing to be proved, 
Hence it follows, that the quantity of air which 
was at firft in the receiver before you began to 
pump, is proportionable to the whole ftandard al- 
titude, and confequently the difference of this air’ 
which was at firft in the receiver, and that which 
remains after any certain number of turns, that is, 
the quantity of air exhaufted, is proportionable to 
the difference of the ftandard altitude, and the 
before-mentioned defeét, that is, to the altitude of 
the quickfilver in the gage after that number of 
turns ; which was the fecond thing to be proved. © 
And from hence it follows, that the quantity of 
air exhaufted at every turn of the pump, is proy 
portionabie to the afcent of the quickfilver upon 
each + 
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each turn, which was the laft thing to be made 
out. And thefe conclufions do very well agree 
with the experiments, which thewed us the quan- 
tity of air that was exhaufted by the quantity of 
water which afterwards fupplicd the vacant place 
of that air in our receiver. Let ir then be remem- 
_bered, that the quantity exhaufted at each turn is 
proportionable to the afcent of the quickfilver 
upon that turn; tkat the whole quantity exhaufted, 
from the-time you began to pump, is proportiona~ 
ble to the whole altitude of the quickfilver; that 
the quantity remaining in the receiver is propor- 
tionable to the defect of that altitude from the 
fandard. To come now to the application of the - 
other experiments which we made this day: we 
found, you remember, that the feveral afcents of 
the quickfilver in the gage, upon every turn of . 
the pump, were diminithed in a geometrical pro~ 
greflion ; and it has juft now been proved, that the 
quantities of air exhaufted at each turn, are pro- 
portionable to thofe afcents. Therefore, we may 
fafely conclude, from experiment alfo, what we 
before collected by a train of reafoning; that the 
quantities of air exhaufted at every turn of the 
pump are diminifhed continually in a geometrical 
progreffion. Furthermore, fince thofe afcents are . 
the differences of the defects from the ftandard 
‘altitude, upon every fucceffive turn of the pump; 
it follows, that the defeéts alfo are in the fame de-~ 
creafing geometrical progreffion. For it isa general 
theorem, that all quantities, whofe differences are 
in a geomctrical progreffion, (fo long as the quan- 
tities continue to have any magnitude,) are rhem- 
felves alfo in the fame geometrical progreffion. 
The defects being then in adecreafing geometrical ' 
progreffion, and the quantities of air remaining in 
the receiver being proportionable, (as was lately 
_ proved) to the defects ; it follows from the fame : 
T2 experiments, - 


. 
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experiments, that the quantities of air which re+ 
main in the receiver after every turn of the pump, 
do decreafe in a geometrical progreffion ; which 
was the other thing concluded alfo by a train of 
reafoning. 

The fhort gage, (jig. 2. pl. 2.) confifts of a 
tube fix or 8 inches long, filled with mercury, and 
inverted in a {mall bafon thereof, in the fame man- 
‘ner as the common barometers in this the mer- 
cury does not begin to defcend till about three- 
fourths of the air is exhaufted, after which it be- 
gins to fhew the degree of exhauftion, which is in 
proportion as the height of its column to the height 
of the mercury in the common barometer. 

The pear-gage, (fig. 11. pl. 1.) would be the 


ynoft accurate of any, if it were not that moft fluid - 


fubftances, as has been fully proved by Mr. Nairze, 
aflume an elaftic form; when the preffure of the 
atmofphere is removed, ‘it therefore feldom indi- 
cates the elafticity or actual preflure of the fluid 
.yemaining in the receiver. 

By this gage, Mr. Nairne difcovered that 
feverai fubftances, when placed under a receiver, 
will, during the time of exhauftion, emit a kind 
of vapour or damp, which, by it’s ¢xpanfion, will 
drive and force out moft of the permanent air ; 
but that when the preffure of the air is reftored, 


this vapour lofes it’s capability, and is condenfed™ 


into it’s former ftate. 

Hence this gage will fometimes indicate 
that all the permanent air is exhaufted out of the 
receiver except about zeécs part, when ‘other 
gages do not ihew a degree of exhauftion 6f more 
than 200 times, fometimes much lefs! 

The pear-gage, (fig. 11. pl. 1,) confifts of a 
bulb of glafs, fomething in the fhape of a pear, 
and fufficient to hold about haif a pound of quick- 
filer: it is open at one end, and at the other isa 

tube, 


ay 
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tube, hermetically clofed at the top. By the help 
of a nice pair of fcales you find what proportion 
of weight a column of quickfilver, of a certain 
length, contained in the tube, bears to that which 
filled the whole veffel: by thefe means you will be 
enabled to mark divifions upon the tube anfwering ° 
to a roooth part of the whole capacity; which, 
- being about one-tenth of an inch each, may, by 
eftimation, be eafily fubdivided into fmaller parts. ° 
This gage, during the exhaufting of the receiver, 
is fufpernded therein by a flip wire. When the 
pump is worked as much as fhall be thought ne- 
ceffary, the gage is pufhed down till the open end 
is immerged in a ciftern of quickfilver placed un- 
derneath ; the air being then let in, the quickfilver 
will be driven into the gage till the air remaining: 
in it becomes of the fame denfity with the exter- 
nal; and as the air always takes the higheft place, 
the tube being uppermoft, the expanfion will be 
determined by the number of divifions occupied 
by the air at the top. ae 
Mr. Nairne put the fhort barometer-gage, and: 
the pear-gage, with a glafs cup having a wooden’ 
foot, both together under the receiver, which re- 
ceiver was placed ona leather foaked in oil and 
tallow, on the plate of the pump; the pump was 
then worked for ten minutes, and the quickfilver 
. was brought down in the fhort barometer-gage to 
about one-tenth of an inch of the furface of the 
quickfilver in the ciftern, and rofe in the long 
barometer-gage to within one-tenth of an inch of 
the height of the quickfilver in a ftandard ba- 
rometer, which was at that time at thirty inches ; 
by which it appeared, that the preffure on the fur- 
face of the quickfilver in the ciftern, and in the 
tube of the long barometer-gage, was diminifhed 
to about a 300th part: the pear-gage being now 
pufhed down till it’s open end was immerfed un- 
13 der 
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der the furface of the quickfilver in the cup, the 
air was then let in, and the pump appeared by that 
gage to have exhaufted all but a6,o0oth part of the 
air; or, in other words, the degree of exhauftion 
by this gage appeared to be fix thoufand times. 

r. Nairne made many other experiments, all 
manifefting a confiderable difagreement between 
the pear and other gages. Thefe differences Mr. 
Cavendith accounted for in the following manner: 
** It appeared,” he faid, “ from fome experiments, 
“ that water, whenever the preflure of- the at. 
** mofphere on it is diminifhed to a certain degree, 
* is immediately turned into vapour, and is as 
“ immediately turned back again into water on 
“* reftoring the preflure. This degree of preffurc 
“ is different according to the heat of the water: 
“ when the heat is 72° of Fahrenhcit’s feale, it 
“‘ turns into vapour as foon as the preffure is no 
* greater than that of three quarters of an inch 
of quickfilver, or about one-forticth of the 


“ ufual preffure of the atmofphere; but when the | 


* heat is only 41°, the preffure muft be reduced 


“ to that of a quarter of an inch of quickfilver,. 


“ before the water turns into vapour. It is true, 
* that water expofed to the open air will evaporate 
“at any heat, and with any preffure of the at- 
* mofphere; but that evaporation is entirely 
* owing to the action of the air upon it: whereas 
‘* the evaporation here fpoken of, is performed 
* without any affiftance from the air. Hence it 
« follows, that when the receiver is exhaufted to 
“* the above-mentioned degree, the moifture ad- 
“ hering to the different parts of the machine 
“ will turn into vapour and fupply the place of 
“ the air, which is continually drawn away by the 
* working of the pump, fo that the fluid in the 
“© pear-gage, as well as that in the receiver, wilt 
“* confift in good meafure of vapour. Now lct-= 

+" ung 
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ting the air into the receiver, all the vapour 
* within the pear-gage will be reduced to water, - 
«and only the real air will remain uncondenfed ; 
“ confequently the pear-gage fhews only how 
« much real air is left in the receiver, and not how 
* much the preffure or fpring of the included 
‘« fluid is diminifhed; whereas the common gages 

. © fhew how much the preffure of the included 
“ fluid is diminithed, and that equally, whether it 
 confift of air or of vapour.”” 

Mr. Cavendifh having explained fo fatisfac~ 
torily the caufe of the difagreement between the 
two gages, it appeared that if moifture were 
avoided as much as poffible, the two gages would 
nearly agree, which was proved by a variety of ex~ 
periments, from which the following are felected : 

The plate of the pump being made as clean 
and as dry as poffible, there was then put on it the 
before-mentioned fhort barometer-gage, alfo the 
pear-gage, with a ciftern entirely of glafs, which. 
held the quickfilver ; they were then covered with 
a receiver, round the outfide of which was laid a 
cement, which perfectly excluded the outward airs 
every part before it was put under the receiver, 
as well as the receiver itfelf, being made as clean 
and as free from moifture as poffible.* The pump 
was then worked for ten minutes, and the baro- 

. meter-gages indicated a degree of exhauftion 
nearly 600: the air was then let into the receiver, 
the pear-gage indicated a degree of exhauftion, but 
very little more than 600 alfo. The near agree~ 
ment of the pear-Zage with the barometer-gages, 
14 in 


* It may be proper here to take notice, that the pump in 
evety experiment hereafter-mentioned was worked ten migutes, 
and the fame receiver continued cemented to the pump-plate, 
except where it is otherwife mentioned. The top part of this 
seceiver was made to open, in order to put in differctit things, 
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in this laft experiment, in which moifture wa: 
excluded as much as poffible, feemcd to prove 
beyond a doubt, that their difagreeing muft have 
been owing (as Mr. Cavendith fuppofed) to the 
moifture which in them had not been fo carefully 
excluded. But, as there might arife a vapour from 
fome moifture that might be containcd in the 
leather foaked in oil and tallow, or in the wooden 
foot which was cemented to the glafs cup, the fol~ 
lowing experiments were tried : . 

A piece of leathex dreffed in allum, known 
by the name of white fheep-fkin, of about four 
inches diameter, which had been foaked in oil 
and tallow about a ycar ago (fuch as was ufed to 
place the receiver on in the firft and fecond expe- 
riments) was put into the receiver; the pump 
was then worked, and the barometer-gage indi- 
cated a degree of exhauftion of nearly 300; but 
on the admiffion of the air the pear-gage indicated 

a degree of exhauftion of 4,000. 
'... The piece of leather being taken out, the 
pump was then worked, and the degree of ex- 
hauftion appeared by both the barometer and pcar- 
gages to be about 600, as in the third experiment, 

A cylinder, made of a piece of box wood, 
which had been kept for more than a year, one 
inch in diameter, and three inches in length, was 
put into the receiver (this piece of wood was of - 
the fame kind as that which was cemented to the © 
foot of the glafs cup ufed in the firft and fecond 
experiments, ) the pump was then worked, and the 
degree of cxhauftion appeared by the barometer- 
gage to be 300, but by the pear-gage 16,000. 

Thefe experiments were often repeated, but 
the refult was feldom the fame. When leather 
foaked in oi] and tallow has been put into the re~ 
.ceiver, the pear-gage has fometimes indicated a 
degree of exhauftion of 20,000, and fometimes 

no 
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no more than soo; it Kkewife differs very much 
with the box-wood, which may perhaps be owing 
to different degrees of heat and moifture. ; 
From thefe experiments, it is evident that 
there arifes an claftic vapour from the leather 
dreffed in allum and foaked in oil and tallow, and 
alfo from the piece of box-wood, when the weight 
of the atmofphcre has been partly taken off by 
“The action of -the pump ; and that this vapour , 
preffes upon the furface of the quickfilver in the * 
tube of the long barometer-gage, and of that in 
the ciftern of the fhort one; and that, confequently, 
the teftimony of both thefe gages muft be in- 
fluenced by this vapour, as well as by the fmall 
remainder of common air: but as it is the nature 
of the pear-gage not to give it’s teftimony till the. 
remaining air contained in it is prefied, fo as to, 
become of the fame denfity of the atmofphere ; 
and as this vapour cannot fubfift in the form of 
vapour under that preflure, this gage is not at all 
influenced by it, but indicates the remaining quan. 
tity of permanent air only. ’ 


‘ 


Precaution for accurate exhauftion. 


From the foregoing experiments, it is evident 
that when accurate experiments are required, the . 
receiver muft not be placed upon leather, either 
oiled or foaked in water; but that the plate of the 
pump thould be made as dry as poffible, the infide 
of the receiver fhould be dried and rubbed with 
a warm cloth: the receiver may then be fet upon 
the plate, and hog’s lard, either alone or mixed - 
with oil, be fmeared round it’s outfide edge. With 
thefe precautions, the pump will thew it’s greateft 
power of exhauftion, and what remains in the re- 
ceiver, which the pump would not exhauft, will 
be permanent air. 
I Particular 
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Particular care fhould be taken, after making 
any experiments, where vapour has been generated, 
to clear the pump of it, before any other expe- 
riments are attempted ; for this fluid or vapour re- 
mains not only in the receiver, but alfo in the 
tubes and barrels of the pump, and will, when the 
air is again rarified, expand as before. 

To clear the pump of this vapour, take a. 
large receiver, and, wiping it as before directed; 

“exhauft it as far as poffible. The expanfible va 
pour which remained in the barrels and the pipes ° 
will now be diffufed through the receiver, and 
confequently will be as much rarer than it was 
before, as the aggregate capacity of the receiver 
is larger than that of the pump and pipes. If the 
receiver be large, one exhauftion will be fufficient 
to clear the pump fo far, that what remains can 
be of no confequence. If the receiver be fmall, 
the operation fhould be repeated two or three 
times. 

It may be proper to obferve here, that for the 
- beft pumps, the plate and the edges of the re- 
ceivers are ground fo true, as not to require any 
. leathers; but as fetting the receivers dry upon the 
plate is apt to fcratch and fpoil it, you will find 
it always ufeful to fpread a little hog’s lard or tal- 
‘low upon their edges. This prevents the edges 
of the receivers from damaging the plate, and, 
does not emit any vapour. 


LECTURE 


‘ 
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LECTURE IV, 
On tHe Nature and Properties of Arr, 


N writing thefe Lectures, I have had four points 
in view. 1. To fupport and fhew that there 
ig 2 {trict alliance between natural, moral, and fa- 
cred philofophy. Yo ufe the words of a man ef 
. the firft abilities, « Lhe great Author of all things, 
viewed in every poffible relation to man, fhoulé 
ever be the object to which all our ftudies and 
inquiries converge, as the center of all truth, and 
the fource of all being and perfection. Whatever 
has not an unvaried regard to him, deviates froriv 
it’s true line and direétion, and muft lead to error 
and mental depravation;’"* whereas 2 proper view 
of philofophy will thew you, “ That whatever is. 
permanent? in outward nature—whatever is ima 
tably lrue in morals or in politicks, oweth it’s per~ 
manency and truth to the cternity and immuta-~ 
bility of the divine caufe of all things—the Creator 


of outward nature—the Father of all moral beings— . 


the Author of all good government. That what~ 
ever is demonfirable in any of the /ciences—whats 


ever is certain in any of the arts dependent om — 


thofe fciences, derives it’s clearnefs in theory, and 
it’s certainty in practice, from the felf-evident prin- 
ciples of miad, whofe fountain is the Divine 
efience.”” : 

Natural philofophy, in it’s proper extent, fober 
ufe, and application, is a noble fcience ; but to 
confine it to nature, matter, motion, and mecha~ 
nifm, excluding morality and theology, is, to con- 


tract, to degrade, and debafe it below the meaneft - 


occupation of life. ; 
y 2. To 


* Berrington’s Immaterialifm delineated. 
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2. To render this work a kind of natural 
and practical logic, that fhal! enable you to dif- 
tinguifh what is found and folid, from what is 
hollow and vain. To prevent an undue attach- 
ment to any fyftem, and to counteract the influence 
of names and authority, in a fcience where free 
difquifition fhould be allowed in it’s full extent, 
and where candour and ferenity fhould always pre— 
vail. : 

- Sorry Iam to fay, that philofophy is ftill too 
fitch governed by an intolerant fpirit which ob- 
: ftructs the advancement of fcience, and obliges it 
‘ to rum in one narrow channel. And fuch is the 
zeal of it’s profeffors, that they can feldom bear 
to have thofe principics canvaffed which they have 
adopted. Thus proving, that they are void of 
that: fpirit of inquiry and liberality, which, by 
exciting the mind to trace up effects to their caufes, 
becomes the parent of difcovery. 

Happy fhall I efteem myfelf if thefe remarks 
fhould lead you toa purer love of truth ; and that, 
inftead of inquiring who it is that writes, you 

_ would attend only to what is written, and learn to 
. avoid the ftrife of formal difputation ; or, as Bacon 
terms it, ‘ The giddy agitation and whirlwind of 
argument, in which victory is more contended for 
than truth.” 
_ 3. ‘To point out to you the boundaries of 
human reafon, and by fhewing you how fmalla 
way we penetrate into the nature of things, induce 
you to obferve carefully and judge cautioufly ; en- 
gage you to profecute your refcarches into nature, 
with a juft conviction of the fallacy of your 
fenfes, and the limited. powers of your under- 
flanding’; to difcourage the vain defire of ac- 
counting for all phenomena. Many phenomena 
in nature are unaccountable, and we muft fome- 
times be humble enough to admire what we can- 
not 
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not underftand ; as we furvey the ocean with plea~ 
fure, though we cannot fee the bottom of it. : 
Confcious, therefore, of the fallibility which 
attends the beft exertions of human reafon; fen- 
fible of the darknefs under which the author of all 
knowledge hath left fome of it’s moft interefting 
and important parts; and convinced that, as the 
Bis es after truth is your duty, and will conftitate 
a great portion of your happinefs, you will alk 
Ways enter upon the tafk with humility, with 
diligence, with defire, and all the beft affections 
of the heart and underftanding; with hope, and 
indeed with fear. For Error is open with’ 
thoufand ways (whereas TRutu has only.one), and 
as an enemy in ambuth, is prepared on ail occafions 
to turnyou afide from the direct and fuccefsful road.* ° 
You may be affured, that a philofophy which 
makes human reafon the meafure of all things; 
inftead of being founded on enlarged and fuperior 
knowledge, ftands on the narrow bottom of igno- 
xance, and as it rifes in vanity, will increafe in abs 
furdity. : 2 
4. To exhibit ina natural and eafy manner (ag; 
we have already informed you) theprincipal and the’ 
moft important of natural phenomena, to account 
for their caufe, and to illuftrate both by experiments. 
It is to be hoped, that from the manner of 
treating thefe fubjects, your judgment will receive 
an acceflion of ftrength and acutenefs, which it 
may fuccefsfully employ upon other objects and 
upon other occafions. % 


a) 


Or OsszRvaTION aND EXPERIMENT. 
As in a former lecture I fhewed you the dan. 
_ ger and impropriety of indulging conjeure and 
? framing: 
* Tatham’s Chart and Scale of Truth, p- 16, 
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framing hypothefes, I fhall now on the other fide, 
in purfuance of my defign, commence this lecture 
with fome remarks on the qualities that diftinguith 
an obferver of nature from a mere expcrimen- 
talift, and point out the difadvantages that may 
accompany both obfervation and experiment, if 
either be too rigidly adhered to, or ufed indepen- 
dent of the other. Neither obfervation nor ex= 
periment are however to be neglected; they are 
two fifters which have a reciprocal neceffity for 
each other’s affiftance. 

The perfon who is beft adapted by nature 
for making philofophical experiments, is gene- 
rally the leaft fitted for drawing conclufions from 
them. There is a minutenels, an exadtnefs re— 
quired in an experimenter, which fhould not enter 
too much in his compofition, who collects and 
applies the refults arifing from experimental in- 
‘quiries. 

The experimentalift is always difcovering 
little differences, contriving methods to examine 
objects in ten thoufand various ways, and to dif- 
tinguifh one thing from another by all poffible 
minutia. 

But the perfon who applies thefe experiments 
to the fupporting or explaining any phenomena in 
nature, fhould be one who fees many things in one 
view, and comprehends the refult of many effects 
fpringing from the fame caufe, and who overlooks 
the trifling differences from the accidents of time 
and place. 

The experimentalif? bcholds all nature as par- 
ticles of duft difunited from, and uninfluenced by 
ane another ; each a world of it’s own, with pro- 
perties and qualities peculiar to itfelf, 

The obferver fees all nature as. united, as 
actuated and moving upon one common prinz 

ciple, 


Nature anp Propertizs or Arr. 129 


ciple, and all the parts as confpiring to form one 
whole, 

They are thus excellently difcriminated by Lord 
Bacon: “ The great and radical difference of capa~ 
cities, as to phijofophy and the {ciences, lies here; 
that fome are flronger and fitter to obferve the 
differences of things; others their correfponden~ 
“etss: for a fteady and fharp genius can fix it’s 
conttraplations, and dwell and faften upon all the 
+ fubtilty of differences, whilft a fublime and ready 
genius perceives and compares the fmalleft and. 
moft general agreements of things; but both kinds 
eafily fall into excefs, by grafping either at the ° 
dividing fcale, or fhadows of things. The former 
is fo taken up with the particles of things, as al- 
moft to neglect their ftructure, whilft the other 
views their fabrication with fuch aftonifhment, as 
not to enter into the fimplicity of nature.” ba: 

The material world is an immenfe body, com= 
pofed of an infinite number of parts, fo inter. 
woven together as to unite in one common center. 
There is no infulated fact in nature; they are all. 
relative, having a double reference, as effects to 
their caufes, and as caufes to their effects. It is 
the bufinefs of philofophy, to point out what ap- 
parently feparates the parts, and how they are con- 
nected, and to trace thefe connections to the 
principle of unity, which harmonizes and conne&s 
all the works of creation. 

1 will endeavour to render this important 
view of philofophy more clear to you, by an ex~ 
tract from a work of the Rev. Mr. Jones; a writer 
in whom you will find great originality of fenti- 
ment, expreffed with energy and cafe; in whofe 
hands the moft abftrufe fubjects are always ren- 
dered plain and clear.‘ Nature,’’ fays he, “isa 
fyftem of parts related, and every part fhould be 

confidered 
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confidered under this relation,* without which, 
neither the nature nor defign of it can be under- 
ftood. ‘Take the leg of a man, and confider it 
without any regard to the body it belongs to, it 
will then have no meaning in it, ncither can he 
that examines it underftand any thing more of it 
than it’s fubltance aud figure. But, if you con- 
fider the fame member with it’s relation to #@7~ 
body, then you difcover with admiration;-¥irft, 
That it’s veficls are fupplied with the animating 
Huids of blood and fpirits, which keep up the 
animal life in it. Secondly, That it’s mufcles are 
‘connected with the fuperior parts, from whence 
they derive their faculry of motion. Thirdly, 
That it is framed with due ftrength and exact pro- 
portion to the weight of the body, to preferve it 
in an erect pofition, and tranfport it from place 
to place. <A limb, confidered under thefe rela- 
tions, is a wonderful fubject, worthy to be ad- 
mired by the anatomift and philofopher. But if 
you feparate it from the body, it is dead, motion- 
Jefs, and ufelefs. It is the fame with any member 
of the frame of naturc, even fo much as a fingle 
atom, if taken independent of the reft. If we 
build a fyftem on matter fo independently con- 
fidered, we fhall raife fuch a world as never did, 
nor can exift; and which, after all our pains, will 
be as empty as it is arbitrary.”’ 

The experimentalift is apt to err in another 
point, and defpife all fyftems, becaufe he has 
neither compals of thought, nor extent of genius 
to fee and embrace the idea of many confequences 
from one principle. He confiders the author of a 

fyftem 
* Man, who is the fervant and interpreter of nature, can 
a@ and underftand no further than he has, either in operation or 


contemplation, observed of the method and order of nature. 
Bacon, Nov. Org. Aph, 4, 
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fyftem as a vifionary in philofophy, and one who 
is forming a new world of his own by the com- 
bination of incongruities: he, therefore, conti- 
nuallyl abours at making new links, without ever 
forming them into a chain. ; 
On the other hand, the fyftematic writer too 
often contemns the limited conceptions of the expe- 
--ximenter; he cenfiders him like a worm that, creep+ 
ing figm one mole-hill to another, fancies each 
to be a diftinét world, not feeing the common 
bafis which unites and ‘fupports them all. He 
fails, therefore, in framing his fyftem, from inat» 
tention to, and neglect of, experimental inquiries 5 
and his building tumbles into ruin, as it wants 
thofe pegs, which, though fmall, are neceflary te 
hold the whole together. we 
Having fhewn you the danger that attends 
a-too rigid attachment to the fyftematic or expe» 
rimental mode of examining natural phenomena, | 
I may proceed without fear to trace the further 
properties of air. This fugacious element, is a 
rich, and almoft inexhauftible mine of knowledge, 
and your labours tHerein, if vigoroufly continued, 
will not fail of their reward. 


Or tHE AIR LODGED IN THE PoRES OF DIFFERENT 
SuBSTANCES, 


Four methods are ufed to extract air frorh 
the pores of thofe bodies in which it is engaged. 
1. By heating the bodies: 2. By cooling them: 
"3. By placing them under the, vacuum of an air- 
pump: 4. By diffolving them in fome menftruum.” 

1. By heating the fubftance we may extract 
the air that is contained in the pores thereof. The 
heat dilates the air fo much, that it cannot be con- 
tained in the pores of any fubftance whofe pores 
do not expand in the fame proportion. Hence it 
is that you fee it efcape from meat and fruits while 

Vou. I. kK roafting, 
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roafting, from wood in burning, and from fluids 
in boiling. In the laft inftance you fee the air 
which is rarified by the heat forming itfelf into 
bubbies, and traverfing the fluid, in order to efcape 
at it’s furface, 

2. When any fubftance is confiderably cooled, 
it is condenfed, and it’s parts are brought clofer to- 
gether; it’s pores are confequently leffened, and- 
the air is forced out, as we force the water4fom a 
fpunge, by compreffing it. ; 

3. The air which is lodged in the pores of any 
fubftance is difengaged when they are kept for | 
fome time in the vacuum of an air-pump: when 
the preffure of the atmofphere is removed by the 
air-pump, the air that was confined by that pref- 
fure to the bodies is let loofe. This I fhall illuf- 
trate by a variety of experiments on different fub- 
ftances. 

4. The air may be difengaged from many 
fubftances by diffolving them in fome menftruum ; 
for the particles of the body that is diffolved, be- 
ing difunited and fubdivided by the diffolvant, 
the air is no longer confined, ahd therefore efcapes 
with facility, as you {ce, when fugar is diffolving in 
water, and which I fhall further illuftrate in the 
courfe of this lecture. 

The firft experiment J fhall fhew you on this 
fubject, will be with the clear water in this Jar, - 
which I fhall place on the plate of the pump un- 
der a receiver: as foon as the air is a little ex- 
haufted, that which is contained in the water 
begins to expand 4nd rife in bubbles, which pafs 
through the water; they are fmall at firft, but 
grow larger as they rife to the top of the water; 
and they will continue to rife, though more flowly, 
almoft as Jong as the pump continues to work, 

I fhall now take away this jar, and place an- 
other with warm water under the receiver: when 

the 
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the preflure of the air is taken off from the furface 
of the water, that which was contained therein 
unites in the form of bubbles; and, being acted on 
at the fame time by the heat, the bubbles expand, 
and rife with fo much violence as to carry with, 
them a thin portion of the fluid, and occafion. an 
appearance ‘of cbullition on the water, fimilar to 
“that of boiling. When the fluids are of a more 
vifcous nature, as beer, ale, &c. the bubbles of air 
.cannot burft their cafes, and the fluid is formed. 
into froth, ; 

I place a jar of new ale under the receiver 5 
as foon as I begin to work the pump the ale is 
filled with bubbles of air, witich rife copioufly 
from every part; and, being coated with the vifcid 
particles of the ale, are prevented from_burfting, 
and form on the furface thereof a white frothy 
head, 

Here are a variety of fubftances that I have 
put into different jars wich, water, in order to place 
them under a receiver and exhauft the water there= 
from. ‘The air lodged in the pores of thefe fub- 
{tances is as denfe as that of the furrounding at+ 
mofphere, becaufe it fuftains, and is a counterbal- 
lance to the preflure thereof: as foon, however, 
as it is freed from this preffure, it éxpands and 
efcapes in great quantities from the pores in which 
it was confined. The water is ufed to render the 
efcape of the air vifible; the air, as you have féen 
in the preceding experiments, affumes in it’s paf- 
fage the form of fo many globules, a fhape that 
any other fluid would aflume where it is preffed 
equally in every direction by another fluid. ‘The 
water you ufe in thefe experiments fhould be pre- 
vioufly deprived of it’s air, either by extracting it 
thereffom by an air-pump, or by boiling it, which 
will anfwer equaily well. 

Let us place this new-laid egg (that is ina jar 

K 2 covered 
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covered with water) under a receiver. As I work 
the pump the furface of the egg is covered with 
{mall pearly bubbles of air, which feparate by de~ 
grees, and rife to the furface of the water: at cer- 
tain parts of the egg you perceive fmall jets of air, 
which are formed by a continual fucceffion of thefe 
globules. The fheil of an egg is porous, and in a 
few days a part of it’s internal fubftance ue 
orate; this is foon replaced by the siz~which 
farrounds it. The air contained in the egg wilt- 
not efcape fo long as it is retained by the preffure 
of the_atmofphere; but, when this preffure is di- 
minifhed, then the internal air expands, and endea- 
vours to pafs out, and thus difcovers to us the pores 
in the fhell. I fhewed you in Lecture IL. p. 42,, 
‘the bubble of air at the large end of the egg, 
which bubble is one of the means ufed by nature, 
for bringing to perfection the chicken which is 
contained in embryo, in what we ufually call the 
treadle of the egg. The warmth communicated 
by the hen to the air in this bubble expands and 
puts it in motion; the air reciprocally preffes on 
and communicates this motion to the egg, which, 
in fome unknown manner, promotes the formation 
of the chicken. When the large end of the egg 
feels cold to the tongue, it is a proof that the egg 
is bad, that the air and milky fubftance thereof 
has efcaped; in confequence of which the ege 
‘ becomes ftale, putrid, or addled. M. Reaumur, 
the famous French naturalift, who feldom confined 
his fpeculations to mere curiofity, has fhewn, that 
by ftopping up the pores of an egg with varnith, 
‘or a flight covering of mutton fuet, it may be pre- 
ferved perfectly frefh, and generally even fit for 
incubation five or fix months after it has been 
laid. . 
This piece of wood is fixed toa weight, to 
keep it immerged in the water. I place it ina 
2 jar 
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jax under the receiver, and the air contained in the 
pores of the wood rifes in great quantities in fine 
ftreams, You will find the fame appearances 
from. moft-{ubftances, which you may try at your 
leifure. : 
Here is a long piece of wood fixed to this 
piece of brafs; the brafs ferves to cover the top 
of an open receiver: the long part of the piece of 
wood is inamerged in the jar of water, (fig.1, pl. 34} 
_while the upper part is expofed to the open air, 
Place your thumb upon the top ofthe wood to 
cut off it’s communication with the ajr: while.t 
work the pump, you fee the air contained. in the 
pores of the wood ruth through. the water, as ig 
the preceding experiment. Take off your thumh,. 
and a vaft ftream of air flows in through the wood ; 
by alternately taking away, and placing your 
thumb on the wood, you will alternately: interrupt 
and permit the influx of air. This experiment 
fhews that wood is pervious to air, and. that the 
courfe of the air-veffels is lengthwife. : 
This wooden cup is contrived to fit on the 
top of an open receiver: to the bottom of this 
cup a piece of wood is fitted (fig. 3, pi. 3.) J 
fhall place the cup upon an open receiver, pour 
fome quickfilver in it, and then exhauft the air 
from the receiver. This being fufficiently exe 
haufted, I pull out this plug, which lets the mer> 
cury come to the top of the piece of.wood: the . 
air you fce forces itfelf through the pores thereof 
in fuch fine ftreams, as to form a fhower of filver. 
Here is another cup furnifhed at bottom with a 
piece of buff-fkin; by placing this on a receiver, 
and exhaufting the air as before, we procure ane — 
other fhower of mercury. ; 
A piece of wood, confidered accerding to 
it’s length, is a collection or bundle of fibres in- 
K3 cluded 
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cluded within the bark, which ferves as a common 
tegument : how {mall foever thefe ligneous fibres 
may be, it is plain, from the preceding experi- 
ments, that there are interftices between them, 
forming fo many little canals or tubes through 
which the air and quickfilver paffed. 

It is owing to the porofity of wood that it is 
liable to fuch a variety of changes in it’s volume’ 
or bulk. It is hence that wain{cottingin new 
buildings, and other joiners’ work, which are not - 
made of feafoned ftuff, often cleave with a great 
crack, and the joints lofe their exactnefs and fo- 
lidity, and many other inftances that will eafily 
‘bccur to your recollection; for all thefe effects 
arife from an increafe of dimenfion by moifture, 
or diminution by drynefs. The experiment with 
a piece of buff-fkin proves the extreme po~ 
rofity of the fkin of animals: the quantity of 
matter which is thrown off from the human body, 
through the pores, is really furprizing. From the 
experiments of Sanctorius, and others, it appears, 
that of eight pounds of nourifhment, which a man 
may have taken in twenty-four hours, infentible 
tranfpiration carries ‘off five of them. 

Here is a fmall piece of wood cut fmooth 
at each end, and immerged ina bafon of quick- 
filver; thefe I place under a receiver: on exhauft- 
ing the air, what is in the wood flies out of the 
pores pafling through the mercury; on letting in 
the air again, it will fall with fo much force upon 
the mercury, as to inject it through all the pores of 
the wood. ~ 

' tis very probable that Ruifch and Licberkuhn 
‘made ufe of the preflure of the atrnofphere for 
‘Injecting fluid fubftahces into the fmaller veffels of 
the human body, which has rendered fome of their 
anatomical preparations fo famous. ‘The pee 

they 
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tney ufed is not known, but a Dr. Beuth is faid 
to have recovered it, and deferibed the manner.* 
‘There only remains to fhew you that the air 
contained in the pores of different fubftances, may 
oe difengaged by diffolving them in any menftruum. 
‘The particles of the body to be diffolved are dif. 
united and fubdivided by the diffolvant, and, the 
ai: being nolonger confined, efcapes with facility. 
‘Tle follawing experiment, which you may make 
_ any where, wants no apparatus but a tumbler 
of vater and a deep dith or bafon. As the expe- 
rimant is of confiderable importance, and the ex- 
pert management thereof will be neceflary when 
vou caine to confider the nature of elaftic fluids, I 
thall se very full thereon. 


To convey AIR FROM ONE VESSEL TO ANOTHER. 
Take any common glafs receiver, vial, &c. 
All it; pat your finger, or open hand, on the mouth 
of it, fo as not to let any water drop out, and in- 
vert it ina bafon of water; taking care that the 
mouth of the veffel may be a little way below the 
farface of the water in the bafon; then flip away 
your hand, and the glafs veffel will, as you fee, 
remain filled wrh the water. The weight of the 
atmofphere prefisg upon the water in the bafon 
fultains the waterin the glafs. 
if 1 withed .o introduce fome common air 
into this glafs reciver filled with water, which 
stands in a deep vwifel of water, and preferve it 
there detached iromthe general mafs, I proceed 
in the following mamer: I take a fmall veflel, as 
this tea-cup, filled ony with air, plunge it in the 
water of the bafon wth the mouth downwards, 
which prevents the air from efcaping ; I then lift 
she glafs from the bottom of the bafon, but not 
X4 fo 
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fo high as to come out of the water, bringing the 


cup. under it, and then turning the mouth thereof 


downwards ; the air is then forced out of it by the 
water, and afcends to the upper part of the glafs: 
‘being here confined by the water, you may keep 
it for any length of time. I now take away the 
cup, and fet the glafs down again on the bottom of 
the bafon. The method of thus conveying iir 
and confining it being explained, I retugn_to :he 


experiment of fhewing you the air difengaged fiom . 


‘ fubftances by diffolution. I firft inverted this 
tumbler filled with water, as before directed : I 
' puta piece of fugar under the tumbler; anc you 
fee that, while it is diffolving, bubbles of ar are 


continually efcaping from it; that they rifefrom » 


the top to the bottom of the jar, forcing the 
water out by their expantion, and occupying the 
fpace it quits. Thus have I thewn you that air, 
or fome elaftic fluid, is combined with, and forms 
a part of moft fubftances, and may be difengaged 
from them by one or other of the four methods 
jut defcribed. : 

This combination is an object worthy of ad- 
miration: you here find a large quantity of an 
elaftic fluid, which, when difengazed, occupies a 
{pace many times larger than th: fubftance from 
which it was extracted ; yet, When combined 
therewith, is fo far from tearing it to pieces, or 
even inflating it, that it apprars in feveral in- 

_ lances to be neceflary to it’s cohefion and con- 
fittency. 

You have feen how foor water began to boil 
under the receiver of an aimpump, and that with 
a heat confiderably lefs thn is neceflary for the 
ordinary production of ebillition. Indeed, with- 
out the preflure of the atmofphere, water would 
begin to boil with an ordiary heat, and would be 
transformed into a vapour, having it’s particles 

acattered 
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{cattered indefinitely through the furrounding 
fpace; an incumbent preffure retards the pro- 
duction of vapour from thofe fubftances, which 
yield it naturally while under lefs preflure. Thug 
fermenting liquors yield a great quantity of elaftiq 
fluid under the ufual gravity of the atmofphere; 
but the production thereof is confiderably retard 
in condenfed air. In like manner, fruits include 
in a recewer wherein the air is much condenfed, 
do not yield the fame quantity of air they are wong 
to do in a lefs denfe medium. eee 
In moft cafes, if the fubftance from which 
the air has been extracted be expofed again to the 
air, it regains fooner or later what it -had loft, 
M. Mariotte proved this circumftance by a very 
fimple experiment, that you may repeat at your . 
leifure. For this purpofe he extracted the air 
from a quantity of -water ; firft, by boiling it, and 
afterwards keeping it fome time in vacuo 3; he them 
filled a phial with this water, inverted ir, placi 
the mouth under water ; letting after this a bubble 
of air into it, according to the method explained, 
The bubble of air diminithed by degrees; in three 
days it was entirely vanithed; which proves that 
the air had been abforbed, or had by iome means 
infinuated itfelf into the pores of the water. 


Or vie Arr’s Resrstance, 


The frame in my hand contains two mills, 
(fg. 45 pl. 3,) each of which has the fame number , 
of vanes (or fails) of the fame weight, and of the 
fame length and breadth; with this difference, 
that in one the vanes are fixed edgewife, fo as. to 
cut the air with only a thin edge; the- ather 
breadthwife,’ meeting the air with the whole of 
it’s furface. This {pring preffes ftrongly againg — 
the two pins which are fixed to the naves of the 
mulls: the piece which holds them preffes equally 

againit 
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ainft them, and thus gives them an equal im- 
pulfe; when I fet chem in motion, they both begin 
to move with equal velocity: the one which meets 
the air with it’s whole furface now moves flower 
than the other:—it has ftopped ; whereas the other 
Hill continues to move. We learn from this ex- 
periment, two things ; ft. That the air ts a reo 
ifting medium; 2d. That it refifts in proportion 
to the furface oppofed to the air: forthe mill 
which mct and divided the air by the edge, having - 
lefs air to remove, met with Jefs refiftance, and 
continued to move longer. Hence you fee, that 
the fame mafs may meet with a different  refift- 
ance inthe fame medium, according as it prefents to 
it a greater ora leffer furface: hence alfo you will 
obferve, that a waterman makes his oar act on the 
flat or broad fide, when he ufes the refiftance of 
the water, to pufh him on; but that he lifts it out 
by the edge, that he may have lefs weight to fur- 
mount. 

This experiment will receive additional force, 
if, at your leifure, you place your mills under the 
geceiver of an air-pump, and when the air is ex- 
haufted put the mills in motion ; the refifling me- 
dium being removed, they will both ftop at the 
fame time. 

The experiment with the guinea and feather 
is one of the moft celebrated among thofe made 
with the air-pump. This apparatus (jig. 10, p/. 3,) 
is fo contrived as to let the guinca and feather fall 
at the fame inftant from the upper part of the re- 
ceiver. The experiment may be repeated three , 
times without taking off the apparatus, or ex- 
haufting the air afrefh, the apparatus being fo 
conftructed as to let three guineas with their fea- 
thers, fall feparately at three different times. 

To make the effe¢t more fenfible, I fhall let 
one guinea and feather fall while rhe air is in the 

: receiver, 
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receiver, and you fee the guinea reaches the bet~ 
tom in an inftant, but the feather defcends gently, 
and with an indirect motion, to the bottom. | 
fhall sow exhauft the receiver:—it is ready: look 
ftedfaftly at the bottom of the glafs, and you will 
perceive the guinea and feather arriving at’ the 
fame moment on the plate of the pump; proving 
that a light body falls juft as faft as a heavy ones 
in an unrefifting medium. : 
Birds make ufe of the refiftance of the air to 
facilitate their motions, in the fame manner-as 
fifhes make ufe of the water; by ftriking the air 
with their wings they move forwards, their tail 
ferving as a rudder to direct their courfe. The 
breaft-bone, inftead of being flat, rifes gradually 
from the fpine, and terminates in a fharp keel 
which enables them to cut the air with greater fa- 
cility: for the fame purpofe the heads of birds 
are proportionably fmaller than thofe of quaé 
drupeds, and moft of them terminate in’ hight 
fharp-pointed beaks. But, as the refiftance of thé 
air is lefs than that of water, it muft be ftruck 
with more fwiftnefs, or with a greater furface. 
Hence you find that thofe birds which fly for a 
long time, and far, as fwallows, &c. have genes 
sally fmall bodies, many feathers, and large wings; 
while thofe of a fhorter, or lefs frequent flight, 
have commonly more flefh and lefs wings in pro» 
portion. The latter, on obfervation, you will 
find beat their wings oftener than the others, in 
flying. Sparrows, chaffinches, goldfinches, linnets, 
é&c. fly as it were by ftarts, and do not fupport 
themfelves long in the fame direction. Their 
wings cannot raife and fuftain their bodies, but 
by a velocity in their motions, which they are 
obliged often to intermit: during the intermiffion 
their weight gains upon them, and they lofe part 
of that clevation they had before dbtained, fo that 
: their 
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their flight is only a fucceffion of jerks and ffarts, 
There are birds which fupport themfelves for fome 
time at the fame height without feeming to move 
their wings; this is called planeing. There is 
little doubt but that they move their wings at this 
time; but then the vibrations thereof are fo quick 
and fa fhort, that they cannor be perceived on ac- 
count of the greatnefs of the diftance. You will 
obferve that thefe planeing birds are obliged from 
time to time to regain that height, by a flight in 
the common way, which they have infeniibly loft; 
and. they. then, by flower and more extenfive mo- 
tions, repofe as ic were the mufcles that have been 
fatigued by thefe fhort and frequent motions. 

The refiftance of the air is a matter of great 
importance in the theory of gunnery, and allow- 
ance muft be made for it in all. it’s calculations, 
And though every well-difpofed mind ts defirous 
of difcouraging any. improvements in the inftru- 
ments of death, yct muft the ftudy of arms be 
coptinued and promoted till thofe times come, 
Kchen nation fhall notlift up fword againfi nation, 
neither foall they learn war any more. The nature 
of the refiftance of the air, and the method of in- 
veftigating it, are too abftrufe and delicate to 
make a part of our lectures. I can only dropa 
. hint or two to fhew you the magnitude of it’s ef- 

fects; and hence the importance of fome branches 
of fcience, which might otherwife appear to you 
but of little ufe. Cannon or mufket-fhot pro- 
jected with velocities from 400 to 1600 feet ina 
fecond, by their great velocity leave bebind them, 
during their paffage through the air, a partial va- 
cuity: but when the velocity is equal to 1600 
- feet-ina fecond, the {pace defcribed by the ball, as 
it moves along, may be called an abfolute vacuum; 
confequently, a ball moving with this velocity, 
mut be refifted by the whole weight of the at- 
mofphere, 
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mofphere, exclutive of the effect derived from the 
air -difplaced. Mr. Robins found that this refift- 
ance on the ball of an iron 24-pounder, whofé 
diameter is nearly ¢# inches, amounted ‘to: $40 
pounds. 

‘There is another circumftance which increafes 
the refiftance in bodies moving with great veld~ 
cities; fuch, for inftance, as 1800 or 2000 feét im 
a fecond: for the air before the ball being in this 
-cafe condenfed, exerts a force of elafticity againft 
it, in proportion to the compreffion. This elaftic 
force of the air, when exerted againft bodics of 
fmall weight, but moving with confiderable ves 
locity, may become fo great in proportion to the 
weight, as not only to deftroy the motion com<= 
municated, but even to repel them; which is fre~ 
quently obferved to happen when very {mall thot 
are difcharged by a large quantity of powder; in 
which cafe the fhot returns back in a directiots 
contrary to that in which they were projected. ; 
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Your own obfervations and experience have 
fewn you that the organization of the human frame 
is a fubject worthy of the moft ferious attention. 
Yhe nature of the prefent lecture leads me to ex= 
plain fome parts thereof, and to confider fome of 
thofe procefles that are carrying on within it for 
the maintenance of it’s economy. You breathe 
continually, and you are fenfible you could not live 
without breathing; fo that to live and to breathe 
have been confidered as fynonymous terms. Thou 
takeft away the breath, fays the Pfalmift, and they 
die. Fhis operation, which of all the acts of ani- 
mal life, is one of the chief and moft neceflary, 
is in general called re/piration. It confifts of two 
actions ; one, by which we draw air into the fungs; 
the other, by which we expel it from them. 

7 The 
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The former of thefe is called ix/piration, the lattcr 
expiration ; motions that are more evident or fen- 
fible than any other that are performed within 
the body. They begin the moment we are born, 
and continue as long as we live. They are partly 
voluntary, and partly involuntary ; continuing dur- 
ing fleep and apoplexy, when the will has no 
power; but we can on the other hand increafe, 
diminifh, accelerate, or retard thefe motions as 
often as we pleafe. The digeftion of our food—_ 
the circulation of the blood, fecretion, and ab- 
forption, though all effential to animal life, arc 
not fufficient to preferve it a few minutes, without 
the conftant flowing of frefh air into the lungs, 
and it’s reflux into the atmofphere. 

The organs of refpiration acted upon by the 
air, are as the firft wheel in a machine which re- 
ceives. the moving power. Heat preferves the 
fluidity.of the blood and humours, and acts as an 
expanding force in the ftomach, heart, and bfocd- 
veffels; which force is counteracted from without 
by the atmofpherical preffure; for the want of 
which, the veffcls would be ruptured by the pre- 
vailing force within. 

Animal life, confidered only as motion, ts 
maintained like the other motions of nature, by the 
action of contrary forces; in which there is this 
wonderful property, that neither appears to have 
the priority, and whole joint effect is a motion, 
which, ix fbeory, is perpetual, ‘The flame of a 
candle cannot burn without fire, nor be lighted 
without air; which of thefe is firft we cannot 
fay, for-they feem co-inftantaneous, and they work 
together till the matter fails which they work 
upon, Thus alfo, when the animal is born into 
the world, and the candle of life is lighted up, it 
is difficult to give any precedence to the. elemen- 

tary 
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tarv powers by which it is fupported. The weight 
of the atmofphere forces into the Jungs (as foon 
as they are expofed to it’s action) that air which 
is the breath of life; but this could not happen, 
unlefs the more fubtil clement of fire were to ov 
cafion a raritaction within ; and this reciprocation 
once begun is continued through life, though 
it will fail, if the action of the elements upon it 
ceafe.* 

Air is as efential to the combuttion of bo~ 
dies as to the fupport of animal life; fo much 
fo, that even thofe which are the moft com- 
buftible will not flame, but in contact with air; 
and thofe which are already inflamed are extin- 
guifhed on being deprived of it. Thus, if a 
candle be put under a clofe receiver, it will be ex- 
tinguifhed in a longer or fhorter time, according 
to the quantity of air contained in the receiver, 
and the fize of the candle. You know, on the 
other hand, how much fire is quickened and in. 
creafed by a blaft of air; fo that air is not only 
neceflary to the action of fire, but it would feem 
that the action of fire in general, is the joint action 
of air and fire together. It follows alfo, from 
what has been faid, that a candle will burn but for 
a fhort time in rarified air, and not at all in vacuo. 
Air is not only neceffary for the fupport of animal 
life and combuftion, but it is alfo neceffary that the 
air be good, for contaminated air is as pernicious 
to both as a vacuum. There is, you fee, a ftriking 
relation between the flame of a candle, and the 
principle of life in an animal body; they are both 
fupported by air, and the fame contaminated air 
that puts out the candle, extinguifhes animal life; 
and that air which is too much rarified to keep a 
candle burning, is infufficient for refpiration. 

‘There 
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There is no animal found, how feemingly tor« 
id foever it may be, that does not require a need- 
ful fupply of air, the great parent of health and 
difpenfer of light and warmth. Even fithes, which 
are furnifhed with magazines of air, and with the 
means of appropriating to themfelves that which 
is diffeminated in the water, rife from time to 
time to recruit their ftock, and will live but a 
little time in water from whence the air is ex- 
tracted. Some animals bear indeed a vacuum 
better than others. Thofe which have two ven- 
tricles to the heart, as man, quadrupeds, birds, and 
probably cetaceous fifhes, perith therein in a few 
minutes ; while thofe which have only one ven~ 
tricle, as reptiles and fith, live in a vacuum for fe- 
veral hours. Befides the’ deprivation of air in a 
vacuum, there are other caufes which render it 
_deftructive of life: among thefe is the dilatation 
of the air lodged in the cavities of the body, as 
well as that contained in the pores of the fluids; 
for this, being no longer fubject to the preffure of 
the atmofphere, expands and feparates the fluids 
in the capillary veffcls, and often burfts them. 
“Many animals have been tortured in a re-~ 
ceiver, merely to obferve their manner of dying: 
thus have men gratified curiofity at the expence 
of humanity; and that too often without any pro-~ 
bability of extending the bounds of fcience, or 
promoting the good of mankind. No rational 
excufe can be given for depriving a poor creature 
of it’s life, (the greateft boon that nature can 
beftow,) cr even to put it in pain, but an object 
of utility: he, who can from thence procure be- 
nefits for the higher orders of animated beings, 
may be permitted to exert the powers he poffefies 
over the inferior orders of life: but he greatly 
errs, if he fuppoies thefe powers may be ufed to 
: gratify 
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gratify wanton curiofity, or the fports of an inor= 
dinate fancy. 

I thall therefore onlyrelate to you onc inftance 
among many: Mr. Boyle took a new-caught viper, 
and, fhutting it up in a {mall receiver, extracted the 
therefrom: at firft, upon the air’s being drawn 
away, it began to fwell; fome time after he had 
done pumping, it began to gape and open it’s 
jaws; it then refumed it’s former lanknefs, and 
hegan to move up and down within the receiver, 
as if to feek for air. After a while it foamed a 
little, leaving the foam fticking to the infide of the 
glafs: foon after the body and neck grew prodi- 
gioufly tumid, and a blifter appeared upon it’s 
back. In an hour and an half after the receiver 
was exhaufted, the diftended viper moved, being 
yet alive, though it’s jaws remained quite dif 
tended; it’s black tongue reached beyond the 
mouth, which was alfo grown blackith in the in- 
fide; and in this fituation it continued for three 
hours: but upon the air’s being re-admitted, the 
viper’s mouth was prefently clofed, and foon after 
opened again; thefe motions continuing for fome 
time, as if there were ftill fome remains of life, 
It is thus with animals of every kind; even mi- 
nute microfcopical infects cannot live without air. 

The moft interefting facts relating to com. 
‘buftion, and even animal life, may be illuftrated by 
a few experiments. Stick a firaight piece of wax 
taper, about four inches long, upon a large cork : 
then take an empty quart bottle, and hold it by the 
neck in an inverted pofition; light the taper, 
and introduce it quickly into the bottle, takin 
care not to put it out by touching the fides of the 
bottle: the cork being large, clofes the mouth, 
and prevents the entrance of any air from with- 
out. You have performed this, and you obferve 
that the flame of the taper contracts, grows dim, 
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and in about one quarter of a minute géts out. 
Now withdraw the taper, clofing the mouth of 
the bottle with your thumb: light the taper 
again, and flipping off your thumb, introduce it 
into the bottle, and you will fee that it will be 
immediately extinguifhed ; the air being fo vi- 
tiated as to be incapable of affifting the flame. If 
you with to preferve the air in the bottle, and try 
the experiment, when the fmoke is fubfided, 
either cork the bottle carcfully, or place it in an 

inverted pofition, with the mouth under water. 
Put eight or ten pieces of money one upon 
another, ina bafon, fo as to form a fimall pile or 
pillar therein ; on thefe put fome cotton or pieces 
of paper, with a little brimftone; then pour water 
into the bafon, fo as to reach about one-fifth or 
one-fixth part of the height of the pillar of mo- 
ney. After this invert a large plain glafs tum- 
bler upon the cotton and it’s fupport. You muft 
incline the tumbler while you are putting it down, 
in order to let fome water in, and fome air go out, 
and make a mark on the outfide of the tumbler, 
exactly coinciding with the level of the water 
within. ‘This being done, let us take this appa- 
ratus into the funfhine; and by means of a burn- 
ing-glafs, throw the collected rays of the fun upon 
the cotton and fulphur. We have thus inflamed 
them; the air within being rarificd by the heat 
of the inflamed fubftance depreffes the water. 
It will fometimcs force it’s way out: to prevent 
this you fhould only ufe a fmall quantity of com- 
buftible matter, and lect the water come up pretty 
high, within the tumbler, previous to the appli- 
cation of the tens, Having given you this cau- 
tion, let us obferve our apparatus: it is now be- 
come as cool as it was at firft, and you fee the 
water within the tumbler is rifen above the mark; 
Showing that the combuftion of the cotton, &c. 
occationed 
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occafioned a diminution of the air in the glafs. 
This diminution of air by combuftion is a fact of 
contiderable importance. 

I thall relate you another experiment of the 

fame kind made by Dr. aac w hich you may re~ 
peat at your leifure. | took,” fays the Doctor, 
« a lighted candle about fix-tenths of an inch in 
diameter, and put it under an inverted receiver, 
nd with a fyphon drew the water up to a certain 
eight: then drawing out the fyphon the water 
would defcend for a quarter of a minute, and after 
that afcend, though the candle continued burning 
and heating the air for near three minutes: The 
water did not afcend with an equal progreffion s 
it would fometimes move witha flow, and fome- 
times with an accelerated motion; but the denfer 
he fumes the fafter it afcended. As foon as the 
candle was out the doctor marked the height of 
the water above it’s firft fituation, The difference 
fhewed the diminution of air, which Dr. Hales 
fuppofed was owing to it’s elafticity being de- 
ftroyed by the burning candle. As the air cooled, 
the water rofe in the receiver, and continued rifing 
for twenty or thirty hours. He deduced from this 
experiment that about ysth of the whole quantity 
of air was deftroyed by combuftion. 

The refpiration of animals produces the fame 
effect on air as combuftion, and their conftant heat 
is probably an effect of the fame nature. When 
an animal is included in a limited quantity of at- 
mofpherical air, it dies as foon as the air is viti-~ 
ated. ‘This may be ftated in more general terms: 
« Whenever combuftion or any fimilar procefs is 

‘carried on ina veffel containing atmofpherical air, 
it is found that the procefs ceafes after a certain 
time, and that the remaining air, which is about 
three- fourths of the whole bulk, is fo altered as 
to be incapable of maintaining combuition, or 
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fupporting animal life.’ From thefe experiments 
jt is clear that one of the following confequences 
muft take place: 1. The combuftible body muft 
have emitted fome principle, which, by combin- 
ing with the air, has rendered it unfit for the pur- 
poles of combuftion. Or, 2. It has abforbed part 
of the air which was fit for that purpofe, and has 
left a refidue of a different nature. Or, 3. Both 
events have happened, nainely, that the pure part 
of the air has been abforbed, and a principle has 
been emitted, which has changed the orginal pro- 
perties of the remainder. Yhefe circumftances 
are only mentioned at prefent, in order to awaken 
your attention to this curious fubje, but will be 
confidered more fully hereafter. 

The following calculation has been made from 
the data furnifhed by Dr. Hales’s experiment: 
The flame of the candle he ufed occupied about 
half a cubic inch, and yet confumed about 78 
cubic inches of air in three minutes, which is about 
3744 cubic inches in a day, or 791 cubic fect ina 
year. If fires act according ‘to their cubic di- 
menfions, which is the neareft rule we can follow, 
then a fire of a cubic foot would confume about 
3456 times as much as the candle that is 2733696 
cubic fect in a year. Now, fuppofing 170000 
dwelling-houfes in London (which it was com-. 
puted to have fome years back,) and allowing 
two fires in an houfe, and making no account 
of candles, lamps, &c. the fum of cubic feet con- 
fumed in London, amounts to about 230000 mil- 
lions of cubic feet; and if all other circum- 
ftances in different parts of the world relating to 
this confumption of air were confidered, the 
quantity ufvally allowed to the earth’s atmofphere, 
would be confumed in a much fhorter time than 
would be imagined. I muft here, however, be 
content witha very grofs reckoning, as it would 
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be very difficult to obtain materials for making 
fuch an unwieldy calculation. In the courfe of 
thefe Icctures it will be fhewn, that divine Proj 
vidence has provided abundant means for reftoring 
the purity of the air, which is continually injured 
by combutftion, refpiration, fermentation, and other 
procefles. 

As breathing forms fo neceffary and impor- 
tant a function of animal life, I fhall now endea~ 
vour to explain the organs thereof: you will 
‘thence perceive with what wifdom the interior 
parts of your body are difpofed; and no doubt 
warm emotions of gratitude and adoration will 
arife in your mind from a view of the admirable 
mechaniim, and inimitable workmanthip difplayed 
in ten thoufand aftonifhing examples, and the 
exquifite wifdom with which every part is adapted 
to it’s peculiar ufe; among thefe we may reckon 
the mechanifm of refpiration: this will be en- 
hanced when you confider that you breathe twenty 
times every minute, or 1200 times in an hour, and 
that every thing is ordered by divine Providence, 
that nothing happens to {top the faculty of breath- 
ing when we eat, or drink, or fleep, though a 
thoufand hurtful things, without this divine or- 
dering, might enter the windpipe, which would 
prove inftant death : for the food which enters the 
gullet paffles over the windpipe, which is fur- 
nifhed with a lid or valve. When any food ad- 
vances to the ftomach, this lid is pulled down and 
fhut clofe; but the moment the morfel is fwal- 
lowed, it inftinctively opens, and leaves the paf- 
lage free for the neceflary acceffion of air. 

Galen, an antient and celebrated anatomift, 
obferves in his treatifes De Uji Part. lib. iii. 
« That thefe treatifes which difplay the tranf- 
cendent excellencies of the great CREATOR, Com+ 
pofe one of the xedle/? and mot acceptable hymns. 
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To acquaint ourfelves with his fublime perfections, 
and point out to others his infinite power—his 
unerring wifdom—his boundlefs benignity, is,”’ fays 
he, “in my opinion, a more /udffantial act of de- 
votion, than to flay hecatombs of victims at his 
altar, or kindle mountains of fpices into incenfe.’’ 
To excite this fpirit of devotion in-you, I proceed 
to cxplain fome of the exquifite contrivances in 
the human frame. But not being an adept in the 
{cience of anatomy, I muft hope for fome candid 
indulgence in cafe I fhould offend againft precife 
anatomical exactnefs. 

The lungs are two vifcera contained in the 
cavity of the thorax or cheft, and are there fenced, 
according to Job’s expreffion, with bones and finews. 
The ribs being turned into a regular arch, are 
moveable on a kind of center, to affift the act of 
refpiration, and form a fecure lodgment for the 
heart and lungs, two of the moft diftinguifhed 
and important organs of life. The lungs are dif- 
tinguifhed into right and left, having a broad 
bafis below, and being terminated above by an 
obtufe point. The right, or larger lung, is di- 

‘vided into three lobes; the left or fmaller into 
two. ‘The internal fabric of the lungs is com- 
pofed of many fmall lobes feparated from each 
other by intermediate intervals; which intervals 
are filled with a loofe cellular fubftance, through 
which veffels are diftributed. The fmaller lobes 
are fubdivided into !cffer ones, which are ftill 
compofed of others, but always decreafing in 
magnitude ; terminating at laft in very {mall mem- 

branous cells or veficles, varioufly figured, and 
full of air, communicating on all fides with one 
another. Keil computed the number of thefe ve- 
ficles to be 1744,000,000. The pulmonary ar~ 
tery and the pulmonary veins are diftributed by 
numcrous ramifications throughout the whole 
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~ lungs, the fmalleft veffels encompaffing each ve- 
ficle like a net. 

The external air has accefs to the lungs by. 
the trachea, or windpipe: the uppermoft part of 
this pipe, called the larynx, opens into the throat 
by anaperture called the epig/oftis, and communi- 
cates with the atmofphere by the mouth and nof- 
trils. The trachea is a flexible pipe, compofed 
of a feries of cartilaginous rings joined by muf~ 
cular fibres, and lined with a membrane. ‘This 
tube defcending into the lungs, divides and rami- 
fies itfelf incompany with the numerous branches of 
the pulmonary artery, and, together with them and’ 
the veins, form the fpungy fubftance called the 
lungs. 

The thorax or cheft, in which the lungs are 
placed, is compofed of bones, cartilages, and’ 
miufcles, fo artfully arranged, that it’s cavity may 
be enlarged or diminifhed at pleafure. ‘This is 
brought about, partly by the elevation of the ribs, 
partly by the pulling down of the diaphragm, or: 
mufcular partition that divides the cheft from the 
lower belly. 

This partition naturally bulges convexly up- 
wards, {fo as to encroach confiderably: on the cavity 
of the thorax; but on infpiration from a convex,. 
it becomes nearly a plain furface, and.thus gives a: 

- fpace to the cheft, which it takes from the lower- 
belly. 

Phe cavity of the cheft, may, therefore, be’ 
enlarged in two different directions: by the ele- 
vation of the ribs it becomes wider; by the de- 
prefiion of the diaphragin it becomes deeper. 

When the intercoftal mufcles elevate the cheft, 
and when the diaphragm is drawn downwards, the 
cavity of the thorax is enlarged, and the air within 
the lungs is expanded in proportion to the ac~ 
guired fpace. ‘“Lhis air, of courfe, becomes rarer, 
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and fpecifically lighter than it was before: it was 
then in cquilibrio with the atmofphere ; and this 
equilibrium being removed by the expanfion, the 
extcinal air enters the larynx, and flows through 
all the branches of the trachea, reftoring the ba- 
lance between the ambient air, and that in the 
lungs. 

Whether the cheft is fwelled by infpiration 
or depreffed by expiration, the lungs fill the whole 
cavity, and are always in contact with the pleura, 
no air being permitted between this membrane and 
the external furface of the lungs; for if there 
was the lungs could not poffibly play, as this air 
would counterbalance the preflure of the atmof- 
phere. 

So many organs being fubfervient to refpi- 
ration, and this important function being per- 
formed by means of fuch curious and complicated 
mechanifm, no wonder that various attempts have 
been made to explain the immediate caufe that ex- 
cites this function : but the fubject, after exhauft- 
ing much ingenuity, remains {till unexplained; and 
the mot {kilful anatomift knows no more than the 
humble peafant. 

All that is known amounts only to this: we 
have a fenfation which excites us to expand our 
cheft; the action accompanies the inclination, and 
the air flows into the lungs. When cnough is ad- 
mitted to anfwer the purpofes of health, we feel 
an cqual defire of expelling it, which is direétly 
followed by the accomplithment of that defire; 
and thofe alternate feelings are conftantly renewed 
and gratified, with or without reflection, afleep as 
well as awake, while life continues. 

The quantity of blood which is poured by ten 
thoufand {reams into the lungs, is exceeding great; 
equal to (or even perhaps greater than) that which 
jg tent in the fame time throughout the reft of the 
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body; proving that there is fome confiderable 
ufe peculiar to this vifcus. Phyficlogifts are not 
agreed with regard to all the ufes of the lungs, or. 
the benefits refulting to the body from breathing ; 
fome of thefe are evident and undifputed. The 
correfpendence of the actions of the lungs with 
thought and fpeech cannot be doubted ; for it is 
by their means the voice is medulated, and that-we 
have the power of fpeech. When we think .ta~ 
citly we breathe tacitly; when we think deeply 


we breathe deeply ; drawing in and relaxing, come - 


prefling, and elevating the lungs according to the 
thought. By the air entering the nofirils, and 


conveying effluvia, breathing becomes inftrumen- - 
tal to the fenfe of fmelling. Every thing in the © 


body is fo connected, that when the lungs refpire 
all and every thing in the body is actuated by the 
refpiration of the lungs, and the pulfation of the 
heart ; for the heart is joined to the lungs by it’s 
auricles, and alfo all the vifcera of the whole body 
are joined by ligaments to the cavity of the 
breaft; and that in fuch manner, that all and 
every part is affected by the refpiratory motion. 
When the lungs are inflated, and the thorax ex~ 
panded by the ribs, the pleura is alfo dilated, and 
the diaphragm preffed downward ; and with thefe 
all the inferior parts of the body, which are con- 
nected to them by ligaments, receive fome action 
from the action of the lungs; the alternations of 
refpiration entering or affecting the inmoft receffes 
of the vifcera. There is a perfect conjunction of 
the motion of the heart and Jungs with all and 
every part of the body: to render this conjunction 
more complete, the heart itfelf is alfo in the pul- 
monary motion, lying in the bofom of the lungs, 
adhering to them by it’s auricles, and refting upon 
the diaphragm, from which alfo it’s arteries par- 
ticipate of the pulmonary motion. ‘The flate of 
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the lungs depends alfo upon the blood from the 
heart ; for when the influx of blood ceafes, refpi- 
ration ceafes. 

There is a moft intimate connection be- 
tween the act of refpiring and the circulation of 
the blood. When refpiration is for a fhort time 
interrupted by the fumes of burning fulphur, by 
mephitic air, or by remaining fome minutes un- 
der the water, the action of the heart ceafes: but, 
in many cafes of this kind, the motion of the 
heart may, and frequently has been renewed, by 
blowing air into the lungs, &c. In perfons feem- 
ingly dead, from a fufpention of refpiration, if the 
Jungs can be excited to act, the motion of the heart 


" inftantly commences, the circulation of the blood 


is reftored, and life recovered. 

‘The blood of the heart is purified in the lungs 
from things indigefted, and attracts from the air 
a neceffary nourifhment. This is evident, not 
only from the influx of the blood, which is ve- 
nous, and confequently replete and recruited with 
chyle collected from food and drink, and therefore 
unqualified in this ftate to perform the vital tour. 
It is evident alfo, from the expirations which are 
humid, and often manifeft their operation from 
their odewr; the effluvia thus exhaled being fo cor- 
rupted, that they would prove fatal if retained in 


- the lungs, or if breathed hy other animals; and 


further, from the diminifhed quantity of blood re- 
turned into the left ventricle of the heart. That 
the blood attracts from the air a fuitable nourifh- 
ment, is evident from the vaft quantity of exha- 
Jations and effluvia with which it is impregnated, 
and which flow into the lungs with it: in the 
{pongy cells of this amazing laboratory it imbibes 
the influence of the external air. Hence it is 
that in the air-cells, or inmoft part of the lungs, 
there are in great abundance {mall veins with 
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mouths, which abforb fuch things ; and alfo that 
the blood returned into the left ventricle of the 
heart is changed into arterial blood, and betomes 
florid; proving that the blood is here purified 
from things heterogeneous, and nourifhed with 
things homogencous.* - 
Refpiration gives rife to many other functions 
of the animal economy. All animals furnithed 
with lungs exprefs their wants, their affections, 


“and averfions; their pleaftres and pains, either by 


words or by founds peculiar to each fpecies: thefe 

different founds are produced by ftraitening or 
widening the windpipe, or the paflage through 
which the air paffes in refpiration. The inferior 
animals are by this enabled to exprefs themfelves 
in fuch manner as to be intelligible to every indi« 
vidual of the fpecies. 

To man alone divine Providence has given 
the gift of fpeech, the means of expreffing his 
various feelings and ideas, by regular, extenfive, 
and eftablifhed combination of articulate founds, 
Speech is performed by a very various and com. 
plicated machinery. In {peaking, the tongue, the 
Jips, the jaws, the whole palate, the nofe, the 
throat, together with the mufcles, bones, &c. of 
which thofe organs are compofed, are all employed 
to modulate the found, and form the voice, and 
produce fpeech, which procures to us fuch innu~ 
merable benefits. This combination of organs 
We are taught to ufe when fo young, that we ave 
hardly conicious of the Iaborious tafk, and ia- icf 


of 

* Dicmerbrocct mentions finding duftin the veficu.: “the 
lungs of two afthmatic perfons that he operncd: on. ia 
cutter’s man, the veficula of whofe lungs were fo ftu? h 
daft, that, in cutting, his knife went as if through a a a. 
‘Vhe other was a feather-driver, who had thele bi sod 


with the fine duit, or down of feathers, 
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of the manner by which we pronounce different 
‘words and letters. 

Tt is from Gop alone that man has the fa- 
culty of fpeech, the power of articulating his 
voice, and of giving it a variety of diftinct founds 
at his own will and choice. It is ue alone who 
provided man with the inftruments by which he 
fo articulates; who formed the human mouth and 
tongue to be much more pliant, moveable, and 
flexible than the fame parts of other animals. It 
is ne who furnifhed thofe immediate organs of 
{peech in man, with peculiar mufcles, by which 
he can give to his mouth any degrce of aperture 
and curvature; and to his tongue, any kind of 
flexure he pleafes, by an application of this agile 
member to any part within it’s {phere and motion. 

Abfurd, indeed, is the idea of thofe who 
embrace the idea of Diodorus Siculus, «* That the 
firft men lived for fome time in woods and caves, 
after the manner of beafts, uttcring only confufed 
founds.’’ It is hardly poffible for any man to form 
a judgment more contrary to the nature of things: 
for does not the nature of almoft all animals, beaits, 
and birds fhew us, that they have a natural un- 
taught language, not confifting of confufed founds, 
but altogether diftinct, by an articulate difference, 
and highly intelligible to every one of the fame 
fpecies? If, therefore, the nature of things will 
allow us to fuppofe that man was created as per- 
fect in his kind, as the animals were in their’s, 
then the nature of things will oblige us to af- 
firm, that the firft men had from nature an un- 
taught language, as fuitable to their nature, as 
ufeful, as diftinét, and intelligible to themfelves, 
as that of beafts or birds is to them, in their fe- 
veral kinds. The language of every creature is 
natural, not taught; it is as much the effect of 
it’s sehele nature, the joint operation of it’s fqul, 
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fpirit, and body, as it’s life is; and is atticulate, or. 
notarticulate, good or evil, harmonious or horri- 
bic, juft as the life of the creature poffeffes more or 
lcfs of a celeftial or earthly harmony. The whole 
philofophy of the language of all creatures, whether 
in heaven, on earth, or in hell, is to be found in 
thefe words of our Gop and Saviour, That out of 
the abundance of the heart the mouth [peaketh. 
Tf mankind had not a natural language, they 
~~ could never have invented an artificial, by their 
reafon and ingenuity; for all artificial language 
fuppofes fome compact or agreement to affix a 
certain meaning to certain figns: therefore, there 
muft be compacts or agreements before the ufe of 
artificial figns ; but there can be no compact or 
agreement without figns, nor without language ; 
and therefore there muft be a natural language be- 
fore any artificial language can be invented.* * 

Refpiration is concerned when we laugh; for 
to do this we make a full infpiration, which is 
fucceeded by frequently interrupted and fonorous 
expirations. When the titillation and confequent 
expulfive expirations are great, whether they arife 
from the mind or body, they interrupt the breath. 
ing to fuch a degree as to endanger fuffocation. 
Moderate laughing promotes health, by agitating 
the whole body : it quickens the circulation of the 
blood, gives cheerfulnefs to the countenance, and 
banifhes anxiety from the mind. 

We employ nearly the fame organs in weep- 
ing as in laughing: it commences with a deep in- 
{piration, which is fucceeded by fhort, broken, fo- 
norous, and difagreeable expirations. The refpi- 
ratory organs are neceffary in the acts of cough- 
ing, {neezing, yawning, finging, fighing, and many 
other acts of the animal ceconomy. 

By 
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By refpiration odours are conveyed to the 
nofe. You will find from obfervation that all 
animal and vegetable bodies, and probably all or 
moft other bodies expofed to the air, are continu- 
ally fending forth very fubtle effluvia in their va- 
rious ftates of life, and growth, fermentation, and 
putrefaction. The {mell of plants, and of other 
bodies, is caufed by thefe volatile parts, and arc 
fmelled wherever they are fcattered in the air. 
The acutenefs of this fenfe in fome animals fhews 
that thefe effluvia fpread far, and muft be incon- 
ceivably fubtil. Thefe effluvia are drawn into the 
noftrils along with the air, which is continually 
pafling through them in infpiration and expi- 
‘ration. 

We are informed by anatomifts that the 
membrane pituaturia, and the olfactory nerves, 
which are diftributed to the villous parts of this 
membrane, are the organs deftined by divine Pro- 
vidence for this fenfe: fo that when a body emits 
no effluvia, or when they do not enter into the 
nofe; or when the pituary membrane, or olfac- 
tory nerves are rendered unfit to perform their of- 
fice, it cannot be fmelled. , 

You will obferve that, notwithf{tanding thefe 
mechanical inftruments, it is evident that neither 
the organ of fmell, nor the medium, hor any 
motions we can conceive, excited in the above- 
mentioned parts, or in the nerve or animal 
fpirits, do in the leaft refemble the fenfation of 
{melling. It is impoffible to conceive or believe 
Smelling to exift of itfelf without a mind, or fome- 
thing that has the power of {melling, and of which 
it is called a fenfation, an operation, or feeling. 
The faculty of fmelling is fomething very dif- 
ferent from the fenfe of fmelling; for the faculty 
may remain when you have no {jenfation, and the 
mind is no lefs different from the faculty, for it 

continues 
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Continues the fame individual being when that fa— 
culty is loft. : 

I fhall now thew you the divine wifdom ma- 
nifefted by adapting the organs of different creae 
tures to their particular ftates of receiving, re. 
fpiring, &c. the air,and thall proceed to lay before 


fou one or two remarkable inftances. ' Thus.” 
y > 


though birds refpire by means of lungs, yet are 
they fo conftructed that the air is tranfmitted to 
almoft every part of their bodies. The lungs of 


birds are fo firmly attached to the diaphragm, the | 


ribs, the fide, and the vertebra, that they can ad. * 


mit of very little dilation or contra@ion. Inftead 
of being impervious, the fubftance of the lungs, 


as well as of the diaphragm, to which they ad - 


here, is perforated with many holes or paffages 
for the tranfmiffion of air to the other parts of the 
body: to each of thefe perforations a diftinét 
membranous bag is joincd ; thefe bags are ex. 
tremely thin and tranfparent; they extend through 
the whole of the abdomen, are attached to the 
back and fides of that cavity, and each of them 
receives air from their refpective openings into the 
lungs. The cells in’which birds receive air from 
the lungs are found not only in the foft parts, but 
in the bones. 

Mr. John Hunter has made a variety of expe- 
riments to difcover the ufe of this general diffufion 
of air through the bodies of birds; and from 
thefe we find, that it prevents their refpiration 
from being ftopped or interrupted by the rapidity 
of their motion through a refitting medium. The 
refiftance of the air increafes in proportion to the 
celerity of the motion: were it poffible for a man 
to move with a fwiftnefs equal to that of a {wal- 
low, the refiftance of the air, as he is not provided. 
with refervoirs fimilar to thofe of birds, would 
joon futfocate him. 
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Cetaceous fifhes refpire like man, by means 
of lungs, and are, of courfe, obliged at certain in- 
tervals to come to the furface, in order to throw 
out the former air, and to take in a frefh fupply. 
Other fpecies of fith are furnifhed with gills in- 
ftead of lungs, through which they refpire both 
water and air; for air is univerfally diffufed or 
mixed with every portion of water; befides this, 
however, it is neceffary that the water in which 
they fwim, fhould have a free communication with 
the air; for they cannot live long, if deprived of 
this -vivifying element. 

Infects are not furnifhed with lungs fimilar to 
thofe of men, quadrupeds, &c. but as the tranf- 
miffion of air into their bodies, is.neceflary for 
continuing the principle of life, they are furnifhed 


with peculiar inftruments and apparatus for this 


indifpenfible purpofe. For a defcription of thefe 
I muft refer you to my Effays on the Microfcope ; 
reciting only one inftance, that of the larva of the 
mufea pendula, Lin. as defcribed by a very inge- 
nious naturalift. 

Being out on an excurfion with fome friends, 
they were ftruck with the appearance of a little 
puddle of reddith water, the furface of which was 
in continual motion. On taking up fome of this 
water they found a number of dirty fhapelefs 
animals, which had much the appearance of com- 
mon maggots, but much uglier; they were brown, 
thick, fhort, and furnifhed with tails. I ordered 
them,” fays our naturalift, “to be laid down on 
the grafs, and difpatched a fervant for fome clear 
water, and then began to explain thtir nature, ori- 
gin, and properties. 

«* Thad often informed my companions that 
none of the winged infects were hatched from the 
egg, but that they were all firft produced in the 
form of worms, maggots, or caterpillars; or, in 


—_ 


other « 
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other words, covered with fkins, under which they 
dive, move, and eat, with the appearance of animals 
very different from their parents: they were not 
therefore furgeized, when I informed them, that 
the creatures before us were not in their ultimate 
ftate, but were the produce of the bee-fly (mufea” 
pendula.) This fly is inftructed by the universal 
Guide and Guardian of Nature, to lay it’s eggs. 
--about the edges of the water. It’s young, while ~ 
in the worm ftate, are to live and feed in the 
“water; but the female cannot depofit her eggs in. 
that element, without perifhing in the attempt: 


fhe lays them on dry land, near the place:proper 


for the refidence of her young, who are inftruced. 
by the fame guide to make their way to the waters 
and, finally, when they have acquired their ful 
growth, and the animal is ready to burft forth into . 
a new life, and enjoy the regions of the air, it 
again quits the water, that this great event may be 
performed at land. 

“ The fervant being returned with fome water, 
he obferved, that though refpiration is neceflary 
to ail animal life, yet it is varioufly performed in 
the feveral fpecies; and that, while man and the 
generality of other animals refpired by the mouth, 
this creature refpired by the tail. 

«« The infects we were examining were about 
-half an inch long, and their tails near an inch, 
The water in the glafs was proportioned at firft to 
this meafure in depth: on throwing fome of the 
infects into it, their bodies naturally funk with 
the head downwards; and, while they feemed 
fearching after food about the bottom, the extre. 
mities of their tails were feen juft above the water, 
and in continual motion. 

“« My companions, who have long fince learnt 
to make every obfervation. ef this Kind a fource 
of adoration to the fupreme Creator, Difpofer, and 

Vou, I, M : Preferver 
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Preferver of all things, were admiring the care of 
his providence, in contriving thus amazingly that 
a poor creature fhould not be fuffocated while it 
fed. I ordered a pint more watero be thrown 
into the glafs, and they all cried out againft my 
deftroying thefe unfortunate animals; but their 
admiration was raifed much higher than before, 
when I told them they would receive no harm, for 
they had a power of lengthening their tail abour-— 
aninch; but that they were not left without means _ 
of life in a much greater depth of water. On 
adding a.quart more water, it was foon found that 
the apparent tail of the infect was a mere tube, 
containing within it another much fmaller, yet 
fufficiently Jarge for to convey all the air that was 
neceffary to this animal; a fine flender pipe being 
darted up out of this, and extended to the new 
furface: on raifing the water two inches higher, 
the pipe was lengthened as far as was neceffary, 
and {fo on till the limits of the glafs fuffered us to 
carry the experiment no further.” : 





aaa 
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eee explaining the efficacy and action of: 
air in refpiration, &c. I proceed to bring you 
acquainted with it’s agency in producing found. 
The fenfe of bearing, by which we receive founds, 
adds infinitely to our happinefs: it opens to us a 
wide field of pleafure ; though it is lefs extenfive 
jn it’s range than that of fight, yet it frequently 
furmounts obftacles that are Impervious to the eye, 
and communicates information of the utmoft im- 
soxtance, which would otherwife efcape from, and 
¢ loft to the wind. 
i Sound, 
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Sound, by it’s divergence, extends in every 
direction, vifiting a thoufand with the fame eafe 
as one individual ; freely communicating it’s tid- 
ings wherever attention excites an auditory. Every 
one feels that mufical founds are pleafing to the 
fenfitive fouls I mean not here the harmony of 
founds, for the rational mind only can be fenfible 
of thefe: I mean fuch fimple founds as are tune- 
ful; efpecially the clear, the /inooth, and the lively. 

You know that many fpecies of the fmaller 
winged tribes take fo much pleafure in founds of 
this kind ftriking grateful on their ear, and. exhi- 
larating their fpirits, that to give themifelves this _ 
pleafure, feems to employ the greater part of:their 
wakeful hours, and to conftitute the principal en- 
joyment of their lives. They are endued’ by: 
Divine Providence with the power of forming‘and 
uttering thofe delightful founds; and He has been 
fo liberal in this bleffing, that the air in every wood 
and grove is filled with their various and artlefs 
melody: nor can imagination, perhaps, ever con~ 
ceive any thing more delightful, than to have all 
the fongfters of the grove collected under the 
beam of the breaking-out fun, and pouring forth 
the fenfations of their hearts in a profufion of wild 
and complicated melody: x 

The metaphyfician cofifiders the idea of found 
* in the mind: the anatomift defcribes the im- 
preffion it makes upon the ear, and the manner in 
which it is conveyed from thence to the brain:. 
the natural philofopher inveftigates it in the fub- 
ftance where it is produced, and in the medium 
by which it is conveyed to the ear, ‘The favage 
cannot comprehend how we can convey our- 
thoughts to one another by writing; the communi- 
cation thereof by founds would appear as won~. 
derful to us, but that we fall into it before we. 
know what wonder is; that is, before we have 
M 2 gained 
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gained any experience to which new appearances may 
feem repugnant, 

Sound arifes from a vibratory or tremulous 
motion, produced by a ftroke on a fonorous body ; 
which motion it communicates to the furrounding 
medium, which carries the impreffion forward to 
the ear, and there produces it’s fenfation. In 
other words, found is the fenfation arifing from the 
impreffion made by a fonorous body upon air, or wa= 
ter, &cc. and carried along by either fluid to the ear. 

* Thrice things are therefore neceflary to the 
production of found: 1. A fonorous body to give 
the impreffion; 2. A medium to convey it as a 
“vehicle; 3. The ear to receive the impreffion. 

Strictly fpeaking, fonorous bodies are thofe 
whofe founds are diftiné, comparable with each 
other, and of fome duration; fuch as thofe of a 
bell, a cord of a violin, and not fuch as give only 
a confufed noife ; as that made by a ftone falling on 
the pavement: to be fonorous, a body muft be 
elaftic ; one whofe parts are capable of a vibratory 
motion when they are forcibly ftruck by any kind 
of plectrum. 

*Gold, filver, copper, and iron, which are 
elaftic metals, are alfo fonorous; but lead, which 
is unelaftic, gives no found. Tin, which in itfelf 
has very little more found. than lead, highly im- 
proves the tone of copper, when mixed with it. 
Bell-metal is formed of ten parts copper, and one ~ 
ef tin. Each of thefe is ductile when feparate, 
though tin is only fo in a {mall degree, yet form 
a third fubftance almoft as brittle as glafs. So 
wonderful is the power of tin in this refpect, that 
even the vapour of it, when in fufion, will give 
brittlenefs to gold and filver, the moft ductile of 
all metals. 

The claffes of fonorous bodies are chiefly thefe 

threes 
* Jones's Fhyficlogicat Difquifitions, p. 293. 
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three: 1. Bells of various figures and magnitudes; - 
of thefe, thofe that are formed of glafs have the 
moft pure and elegant tone; and as glafs is very 
elaftic the found thereof is powerful: 2. Pipes 
of wood or metal: thefe, by means of a vibrating 
plate of metal, to perform the office of a larynx, 
may be fo conftructed as nearly to imitate . the 
human voice: 3. Strings, formed either of me-~ 
tallic or animal fubftances. The founds they give 
are more grave or more acute, according to the , 
thicknefs, length, and tenfion of the ftrings: when 
fir-wood, which,from it’s fibrous conftruction,is very 
elaftic, is combined with ftrings ; or, when ftrings 
are agitated by horfe-hair, theeffect and powers of - 
one fonorous body are affifted by another. : 
Air is univerfally allowed to be the ordinary 
medium of found; the medium by which founds - 
are propagated from fonorous bodies, and coms 
municated to the ear: this we fhall gafJy prove 
by an experiment on the air-pump. { include 
this bell within the receiver, which, while full ef 
common air, founds nearly as well as before, } 
fhall now work the pump, and you will perceive 
that the found diminidhes in proportion to the de- 
gree of the exhauftion ; fo much fo, that when the 
air is nearly extracted, the found is almoft loft. 
An objéction has been. made to the conclution we 
- have drawn from this experiment; namely, that 
when the air is exhaufted trom within, the preflurg 
from the incumbent air on the exterior furface 
will prevent the tranfmiffion of the found, in,the 
fame manner as a body is prevented from founder i 
ing, by fuftaining a preilure on ahy part of it. 
But this objection has been well obviated ; fog if - 
the air in the recciver be condenfed, inftead of 
being exhaufted, the fourd fo far from being extine - 
guithed will be increafed, though there is as great 
an inequality of preffiure on the two furfaces in 
M3 . this 
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this cafe as in the former. Hawkfbee has fhewn, 
by a feries of well-conducted experiments, that 
air is propagated further by denfe than by rarified 
air; and that air as denfe again as common air 
will convey found twice as far; and thence cons 
cludes that found is increafed, not only ina direct 
ratio of the denfity of the air, but as the fquare of 
the denfity. M. Briffon has fhewn, that if a fo- 
norous body be placed in an elaftic fluid, whofe 
denfity is greater than that of common air, that 
the found would be much ftronger in the fluid 
thanin the air: his experiment was made with the 
gas acide carbonique. 

But though air is the general vehicle of found, 
yet found will go where no air can convey it: thus, 
the fcratching a pin at one. end of a long’ piece of 
timber, may be heard by an ear applied near the 
other end, though it could not be heard at the 
fame diftance through the air; and two ftones 
being ftruck together under water, may be heard 
‘at a much greater diftance by an ear placed under 
water in the fame river, than it can be heard 
through the air; Dr. Franklin thinks he has heard 
ita mile. Thefe effects muft be owing ta the in+ 
tervention of {ome caufe more moveable and pow- 
erful than air irfelf. 

When any elaftic body is ftruck, that body, or 
fome part of it, is made to vibrate. This is evi- - 
dent to fenfe in the ftring of a violin or harpfi- 
chord; for you may perceive by the eye, or feel 
by-the' hand, the trembling of the ftrings, when by 
ftriking them they are thereby made to found. 

If a bell is ftruck by the clapper on the 
infide the bell is made to vibrate: the bafe of 
the bell isa circle; but, by ftriking any part of 
this'‘circle on the infide that part flies out; fo that 
the diameter which paffes through this part of the 
circular bafe, will be longer than the other dia- 

meter, | 
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meter. The bafe, by the ftroke, is changed into 
an oval, whofe ionger axis paffes through the part 
againft which the clapper ftruck: the elafticity of 
the bell reftores the figure of the bafe, and makes 
the part which was forced out of it’s place return 
back to it’s former’ fituation; from whence the 
fame principle throws it out again; fo that the 
circular figure of-the bafe will again be changed 
into an oval; only now the fhorter axis will pafs ~ 
through the part that was firft ftruck, 

The fame ftroke which makes the bell vibrate 
occafions the found ; as the vibrations decay the 
found grows weaker. Your fenfes will convince 
you that the parts of the bell are ina vibratory. 
motion: if you lay your hand gently thereon, you 
will feel this tremulous motion ; or if you throw 
finall pieces. of paper on the bell, the jarring 
thereof will put them in motion. Thefe vibra- 
tions caufe fimilar undulations in the air; and as 
the motions of one fluid may often be illuftrated 
by the motions of another, the invifible motions 
of the air have been not unaptly compared to the 
vifible waves of water, when. fuddenly produced 
by throwing a ftone therein. Thefe waves fpread 
themfelves in all’ directions in coneentric circles, 
whofe common center is the fpet where the ftone 
fell; and when they {trike againft a bank, or any 
other obftacle, they return in the contrary direc 
tion to the place from’ whence they proceeded. 
Sound expands in like manner in every direction, 
and the extent of it’s progrefs is in proportion to 
the impuife on the vibrating cord or bell. Such 
is the yielding nature of fluids, shat when other 
waves are generated near the firft waves, and others 
again near to thefe, they will-all -perform, their 
courfes amongft each other withoyt interruption ; 
chofe that are coming back willspafs by thofe that 
are going forward, or even thropgh them: .thus, 
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if you throw a ftone into a pond, and immediately 
after another, and then a third, you will perceive 
that their refpective circles will proceed without 
interruption, and {trike the fhore in regular fuc~ 
ceffion. The atmofphere in the fame manner pof- 
fefles the faculty of conveying founds in the moft 
rapid fucceffion or combination, as diftinctly as 
they were produced. It poffeffes the power, not 


“ only of receiving and propagating fimple and 


compound vibrations in -direct lines from the 
voice or inftrument, but of retaining and repeat 
ing founds with equal fidelity, after repeated re- 
flexion and reverberation, as you may be eafily 
convinced by the found of a French-horn among 
hills. 

A familiar and cafy experiment fhews the 
vibratory motion that produces found. Take a 
common poker, and tying on a garter at top, fo 
that both ends of the garter may be left at liberty: 


‘soll thefe round the firft finger of cach hand, and 


{top the ears clofe with thefe fingers; ftrike the 
poker againft any hard fubftance, and you will 
hear an amazing deep tone, fcarcely equalled by 
the largeft and deepett bell. 

Here is a drinking-glafs nearly filled with 
water which gives a {weet ringing found : on my 
rubbing the top of my finger with a gentle 
equable motion along the rim, the furface of the 
water is fretted and curdled into the fincit waves 
by the undulations of the air; yet fuch is the na- 
ture of thefe undulations, that the flame of a 
candle is not, vifibly agitated when placed near a 
fonorous body of the largeft magnitude. It docs 
not appear that thefc undulations produce any pro- 
greffive flux of the particles of air, but that they 
proceed from a vibratory motion of thefe parti- 
cles in their proper places; fo that the motion 
producing found is not fimilar to that of wind; yet 
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the motion of the wind can at as a caufe of 
found, which you have no doubt obferved with 
the Eolian harp. 

Scarce any thing was done on this fubject of - 
any importance, till the fagacity of our incompa- 
rable Newton firft explained the laws, according 
to which the wrial pulfes are propagated. It wag 
he who firft difcovered that the pulfes of the air . 
are propagated in all directions round the founding 
body; and that during their progrefs and regreis 
they are twice accelerated, and twice retarded, ac- 
cording to the law of a pendulum vibrating in a 
cycloid ; and thefe difcoveries are the foundation 
ot almoft all our reafoning on found. 

Before we proceed it will be neceffary to make 
youalittle acquainted with fome properties of the 
pendulum, of which I fhall probably treat more 
at large in one of the fubfequent lectures. 

When two pendulums vibrate, which are ex- 
actly of the fame length, their vibrations are per- 
formed in equal times: if they fet out together to 
deferibe equal arcs they will confent together in 
their motions till they are at re{t; and if the arcs 
be finall, all the vibrations of each, when com 
parcd with one another, will be i/ochronous. But 
if one of thefe pendulums is twice as long as the 
other, the vibrations of the longer will be twice as 
flow as thofe of the fhorter; in other words, the 
times of their vibrations will be as the fquare root 
of their lengths. 

A pendulum is fixed to one int, a mufical 
ftring is extended between two polits, and in it’s 
vibrations may be compared to a double pen vi- 
brating ina very fmall arc, whence ftrings of dit. 
ferent lengths may confent in their motions after 
the manner of pendulums: but then it mutt be 
noted, that as a mufical ftring is two pendulums, 
not one only, it is not. necefiary to quadruple the 
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Iength, in order to make the time of a vibratiots 
twice as great; it will be fufficient only to double 
it; and whatever height the pendulum falls from 
on one fide, fo much it will rife on the other; fo 
will the elaftic mufical {tring continue to vibrate 
from one fide to the other for fome time, and cach 
of it’s little vibrations, like thofe of a pendulum, 
will be performed in times exactly cqual to each 
other. 

Thus do we gain, from the analogy between 
a pendulum and-a mufical ftring, a more adequate 
conception of a fubject that could never be un- 
derftood till this analogy was difcovered: it ex- 
plains why every mufical found preferves the fame 
pitch from beginning to the end, as long as it can 
be diftinguifhed by the ear; and why the pitch is 
ftill unvaried, whether the found be loud or foft ; 
and all.this, becaufe the vibrations of the fame 
pendulum, whether they are.longer or fhorter, 
when compared among themfclves, are found to 
be all defcribed in equal times till the pendulum 
be at reft; the difference of the fpace which is 
movéd over, compenfating for the flownefs of the 
motion in it’s decay. 

To illuftrate {till further this fubject, ftretch 
a piece of catgut upon thefe two pins: I now lay 
hold of it in the middle, and pull it upwards; I 
let it go, and you obferve that it firft ftraightens 
itfelf, or returns to it’s original pofition, then 
bends itfelf as far the contrary way; the ftring 
acquiring fufficient force when it was bent one 
way to bend itfelf as far the other, and to con+ 
tinue moving backward and forward, till the re+ 
fiftance of the air and the friction deftroys the 
velocity which the {tring acquires by the force of 
elafticity. It is obvious, that when the ftring is 
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ticles of air that fly before it; the air will be 
driven forward, and by that means condenfed. 
When this condenfed air expands itfelf, it will ex- 
pand itfelf not only towards the ftring; but as the 
elafticity thereof acts in all directions, it will alfo 
expand itfelf forwards, and condenfe the air that 
hes beyond it: this laft condenfed air, by it’s ex~ 
panfion, will produce the fame effect on the air 
that lies ftill further forwards; and thus the mo- 
tion produced in the air, by the vibration of the 
elaftic body being conftantly carried forward, will 
be conveyed to the ear. The contiguous parts of 
the air going forwards and backwards by turns, 
will be fibjett to the like vibrating motion with 
the parts of the fonorous body; and as ‘the firft 
parts were condenfed in their progrefs, and relaxed 
in their regrefs, fo will the other parts as often as 
they go forwards be condenfed, and as often as they: 
go backwards be relaxed: and therefore they will 
not all go backwards and forwards together; for , 
then their refpective diftances would be always the 
fame, and confequently they could not be alter. 
nately rarified and condenfed; whereas they meet 
each other when they are condenfed, and go from 
each other when they are rarified; one part of 
them muft therefore neceflarily go forwards, whilft 
the other goes backwards by alternate changes 
from firft to laft. 

As thefe condenfations of air are what ftrike 
(pulfant) wpon the ear, or upon any obftacle that 
is in their way, they are called pul//es; found in 
the air through which it is conveyed confifts of 
fuch pulfes. It will be neceffary to relate to you 
fomewhat of the nature of thefe pulfes and their 


properties: for the demonftration, as purcly ma- 
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But here I muft obferve that thefe pulfes are 
fometimes produced without fuch vibrations of the 
founding body. In thefe cafes we have to difcover 
by what caufe thefe condenfations or pulfes may be 
produced, without any vibrations in what is confi-+ 
dered as the founding body. We have two inftances 
of this fort; one in wind inftruments, fuch as a 
flute, or an organ-pipe ; the other in the difcharge 
of a gun: inan organ, or ina flute, the air which 
is driven through the pipe ftrikes againft the edge 
of the lips in it’s paflage, and, by being accumu- 
lated there, is condenfed; and from this conden- 
fation the pulfes are propagated. When a gun 
is difcharged, the powder upon taking fire expands 
the air about it all at once, and confequently con- 
denfes the air which encompaffes the fpace where 
this expanfion happens ; for whatever air is driven 
out of that fpace where the expanfion is made. will 
be forcibly driven into the fpace all round it, 
This condenfation is the firft pulfe, and as this ex- 
pands again by it’s elafticity, pulfes of the fame 
fort will be produced and propagated forwards. 

‘The parts of all founding bodies vibrate ac- 
cording to the laws of a cycloidal pendulum; as 
the vibrations therefore of the fonorous body fol~ 
low each other at equal intervals of time, the 
pulfes which are excited by thofe feveyal vibrations 
will alfo fucceed each other at the fame equal in- 
tervals of time. 

Sounding bodies propagate their motions on 
all fides directly foryards, by fuccelfive conden+ 
fations and rarifactions, and fucceflive going for- 
wards and. returning backwards of the particles ; 
fo that found is driven in all directions backwards 
and forwards, upwards, downwards, and on every 
nde... the alice onan hirereedinge earch -arhes. hie 
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turbed water; or, rather in concentric fhells, thell 
above fhell, as we fee in the coats of an onion. 

The pulfes are thofe parts of the air which 
vibrate backwards and forwards; and which, by 
going forward, ftrike againft obftacles. The ja- 
titude of a pulfe is the rectilineal fpace through 
which the motion of the air is propagated during: 
one vibration of the founding body. 

All pulfes move equally faft: this has been 
proved by experiment; and it is found that they 
defcribe 1070 Paris feet, or 1142 London feet, ina 
fecond, whether the found be loud or low, grave or 
acute. 

Sounds may differ from one another both with 
refpect of their tone,.and in refpect of their: in- 
tenfity or ftrength: in refpect of their tone they 
are diftinguifhed into grave and acute: in refpect 
of their intenfity they are diftinguithed into loud 
or ftrong, low or weak. ‘The tone of a found de-~ 
pends upon the //me that an impreffion continues, 
and is not altered by the diftance of the ear from 
the founding body. But the intenfity or ftrength 
of any found depends upon the force with which 
the particles of air, as they are condenfed, ftrike’ 
the car; and this force is different at different 
diftances; fo that a found which is very loud, 
when we are near the body that produces it, will 
be weaker if we are farther from it; and the dif- 
tance may be fo great that we cannot hear it at all. 
Mathematicians thew that the intenfity of found 
ct different diflances from the founding body, is itm 
versely as the fquare of the diffances. 

Sound moves with the fame velocity at all 
diftances from the founding body. "Vhe found of a 
cannon, or a bell, moves at the rate of 1142 feet 
ina fecond at ail diftances from the gun or bell. 
Te at AnAcee-or ee: ate fants bs feb caches Bboaseay 
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move at the fame for the fecond mile: fo that a 
perfon who is within one mile of a cannon when 
it is difcharged, will hear the report juft as foon 
again as another who is at the diftance of two 
miles. The velocity of found does not decreafe 
as it is propagated forwards, but continues the 
fame from the firft to the laft: but, though the 
velocity of found is not altered, while each pulfe 
is produced in an equal time; fo that though the 
velocity with which the particles vibrate decreafes" 
as the found fpreads, and confequently decays till 
it ceafes entirely ; yet the velocity with which the 
found itfeif is propagated, continues the fame to: 
the laft; or the velocity with which it is moving 
at the time that it ftops, is the fame velocity with 
which it began to move. 

Sounds of different tones move with the fame 
velocity. This is very evident; for a peal of bells 
are heard in the fame order in which they are rung, 
whether we are near or at a diftance. 

Sounds of different intenfities are propagated 
ewith the fame velocity. A low found cannot be 
heard indeed, fo. far as the loud one may: yet 
founds, either low or loud, will be conveyed in an 
equal time to any equal diftance at which either 
of them can be heard. ‘The report of a cannon 
does not move fafter, or pafs over a given fpace, 
fooner than the found of an elaftic ftring. 

‘The principal caufe of the decay of found is 
the want of perfect elafticity in the air: whence 
it arifes that every fubfequent particle has not 
the entire motion of the preceding particle com- 
municated to it, as in the cafe of equal and per- 
tectly elaftic bodies ; confequently the farther the 
motion is propagated, the more will the velocity 
with which the particles move be diminifhed; the 
5 ei Sai 
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the farther the pulfe is propagated the more is the 
denfity; and confequently the impulfe on the 
drum of the ear diminithed.* 

And that the defect of perfect elafticity in 
the air is a principal caufe of the decay of found, 
appears from this ¢ that founds are perceived more 
diftinctly when north, north-eait, and eafterly winds 
prevail, at which time the air is dry, and confe- 
quently more elaftic ; for vapours diffufed through 
the atmofphere, unlefs dilated by intenfe heat, di- 
minifh the fpring of the air. 

Sound requires a fenfible time for it’s propa~ 
gation, or paflage from one place to another: on 
difcharging a gun the report is not heard till fome 
time after the flafh has been feen; for light moves 
much f{wifter than found, coming from the fun in 
eight minutes, or 72420 leagues in a fecond; fo 
that the velocity of light may be confidered as in- 
ftantaneous : and as found takes up a confiderable 
time in it’s paflage, the interval between the flath 
and report of the gun fhews us the fpace that is 
paffed over in a given time. 

From a fet of curious experiments made at 
different times by different people, we obtain the 
following refults: 1. That the mean velocity of 
found is about ene mile in nine half-feconds and a 
quarter, or 1142 fect in one fecond of time: 
2. That all founds, whether they be weak or 
ftrong, great guns, or fmall, &c. have the fame 
velocity: 3. That it moves through equal fpaces 
in cqual time, being the fame at the end as at the 
beginning : 4. That it is the fame by night or by 
day, hot or cold weather, winter or fummer: 


5. That 


+ * Other caufes of the decay of found have been affigned, 
but they have been proved to be inadequate to the purpole by 


Mr. Young, of Dublin, in his Inquiry into the Phenomena of 
Sound, 
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5. That it is alfo the fame whether the cannon be 
directed to or from the place: 6. That there is a 
fall difference in the velocity of founds, with or 
againft the wind: 7. It is alfo fomewhat augmented 
or diminifhed by a difference in the ftrength or 
weaknefs of the wind. 


Or trie Spraxinc Trumper. 


The augmentation of found by this inftru- 
ment, depends on it’s reflexion from the tremulous 
fides of the tube, which reflexions, by confpiring 
to propagate the pulfes in the fame direction, in- 
creafe it’s intenfity. Farther, when we ff-cak in 
the open air, the effect on the tympanuin of 2 
diftant auditor is produced merely by s fingle 
pulfe: but when we ufe a tube all the puiirs pro- 
pagated from the mouth, except thofe in the di- 
rection of the axis, {trike againft the fides ef the 
tube, and every point of impulfe beco:ming a new 
center, from whence the pulfes are propagated in 
all directions, a pulfe will arrive at the ear from 
each of thofe points. Thus, by the ufe of a tube, 
a greater number of pulfes are propagated to the 
ear; and confequently the found increafed. The 
confinement of the voice may alfo have fome 
effect, though not fuch as is generally afcribed to 
it ;* for the condenfed pulfes produced by the 
naked voice, expand freely every way; but in 
tubes the lateral expanfion being diminithed, the 
direct expanfion will be increafed, and confe- 
quently the velocity of the particles and the in- 
tenfity of the found. The fubftance of the tube 
has alfo it’s effect; for the more fufceptible it is 
of tremulous motions, the ftronger is the effect, 


if 


* For the errors in accounting for the effeéts of the tube, 
fee Mr. Young's Inquiry into the Phenomena of Sound, 
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If the tube be laid on any non-elaitic fubftance 
it deadens the found, becaufe it prevents the vibra- 
tory motion of the parts. The found is increafed, if 
the {peaking trumpet be fufpended in the air, be- 
caufe the agitations are then carried on ‘without 
interruption. Thefe tubes fhould increafe in dia~ 
meter from the mouth-piece, becaufe the parts 
vibrating in directions perpendicular to the fur- 
face will confpire in impelling forward the par+ 
ticles of air; and, confequently, by increafing their 
velocity will increafe the intenfity of the found; 
and the furface alfo increafing the number of points 
of impulfe, and of new propagations, will increafe 
proportionally, : 


Or Ecuos. 


This fubject cannot be fully underftood withs 
out reference to mathematical reafonings, which 
we have endeavoured to avoid as much as poflible: 
we can only, therefore, make a few obfervations in 
this place, referring the reader to Mr. Young’s 
excellent work for a clear and full explanation. 
He fhews that the ufual pofition of moft writers, 
that found obferves the law of all other reflexions; 
that is to fay, that the angle of reflexion is equal 
to the angle of incidence, is erroneous ; for in found 
every point of impulfe becomes a center, from 


*which a new feries of pulfes are propagated in 


every angle whatfoever. The principles.on which 
echos are founded are therefore thefe: 1, Every 
point againft which the pulfes ftrike becomes a 
center of a new feries of pulfes: 2. That found 
defcribes equal {paces in equal times; sherefore, 
when any found is propagated from a center, and 
it’s pulfes ftrike again{t a variety of obftacles, if 
the fum of the right lines drawn ftom that point 
to each of the obftacles, and from each obftacle te 
a fecond point, be equal, then will the latter be a 
or. 7. WI 


kates tone 


178 Lsctures on Naturat Putzosopuy. 


point in which an echo can be heard. Thus, fet 
A (jig. 11, pl. 4,) be the point from which the 
found is propagated in all directions, and let the 
pulfes ftrike againft the obftacles C,D,E,F,G,H,I, 
each ofthefe points becomes a new center of pulfes 
by the firft principle; and therefore from each of 
them one feries of pulfes will pafs through the 

oint B. Now, if the fums of the right lines 
ACICE, AD+DB, AE+EB, AG-+GB, AH-+-HB, 
AEFIB, be all equal to each other, it is obvious 
that the pulfes propagated from A to thefe points, 
and again from thefe points to B, will ~!I arrive 
at Bat the fame inftant, according to ae fecond 
principle; and therefore, if the hear. be in that 
point, his ear will at the fame inftent be ftruck 
by all thefe pulfes. Now it appears from experi- 
ment, the ear of an exercifed mufician can only 
diftinguifh fuch founds as follow one another ar 
the rate of nine or ten in a fecond, or any flower 
rate: and therefore for a diftinét perception of 
the dire& and reflected found, there fhould inter~ 
vene the interval of one-ninth of a fecond; but 
‘in this time found defcribes +2, or 127 feet 
nearly ; and therefore unlefs the fum of the lines 
drawn from each of the obftacles to the points A 
and B, exceeds the interval AB by 127 feet, no 
echo will be heard at B. Since the feveral fums 
. of the Hines drawn from the obftacles to the’ 
points A and B, are of the fame magnitude, it 
appears that the curve paffing through all the 
points C, D, E, F, G, H, 4, &c. will be an ellipfe: 
hence all the points of the obftacles which pro 
duce an echo mutt lie in the furface of the oblong 
fpheroid, generated by the revolution of this 
ellipfe round it’s major axis. As there may be 
feveral fuch fpheroids of different magnitudes, it 
fallowe that there may be feveral different echos 
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happen to be a greater number of reflecting points 
in the furface of an exterior fphéroid than in that 
of an interior, a fecond or a third echo may be 
much more powerful than the firft; provided that 
the fuperior number of reflecting points, that is, 
the fuperior number of reflected pulfes propagated 
to the ear, be more than fufficient to compenfate | 
for the decay of found which arifes from it’s 
being propagated through a greater fpace.. This 
is finely illuftrated in the celebrated echos at the 
lake of Killarney, in Kerry, where the firft return 
of the found is much inferior in ftrength to thofe 
that immediately fucceed it. 

It is not abfolutely neceffary that the reflect. 
ing points C,D,E, F, &c. producing an echo, 
fhould lie accurately in the periphery of an ellipfe; 
for if the fums of the right lines ; 
AD-FDB, &c. do not differ from each other by 

“more than 127 feet, the pulfes propagated from 
thefe points will not be diftinguifhable. However, 
the nearer thefe fums approach to equality, the 
more accurate will be the coincidence of the . 
pulfes, and confequently the echo will be the more 
diftinct. 

From what has been laid down it appcars that, 
for the moft powerful echo, the founding body 
fhould be in one focus of the ellipfe, which is 

’ the fection of the echoing {pheroid, and the hearer 
in the other: however, an echo may be heard in 
other fituations, though not fo favourably; as fuch 
a number of reflected pulfes may arrive at the 
fame time at the ear as may be fufficient to excite 
a.diftinét perception. Thus, a perfon often hears 
the echo of his own voice; but for this purpofe he 
fhould ftand at leaft 63 or 64 feet from the re- 
flecting obftacle, according to what has been faid 
before. At the common rate of fpeaking, wé 
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that is, feven half fyllables in a fecond: therefore, 
that the echo may return juft as foon as three fyl- 
lables are expreffed, twice the diftance of the 
{peaker from the reflecting objet muft be equal 
to 1000 feet; for as found defcribes 1142 feet in 
a fecond, fix-fevenths of that fpace, that is, 1000 
feet nearly, will be defcribed while fix half, or three 
whole fyllables are pronounced; that is, the fpeaker 
muft ftand near 500 fect from the obftacle: and 
in genicral, the diftance of the fpeaker from the 
echoing furface, for any number of fyllables, muft 
be equal to the feventh part of the product of 1142 
feet multiplied by that number. 

In churches we never hear a diftinét echo of 
the voice, but a confufed found when the fpeaker 
utters his words too rapidly; becaufe the greateft 
difference of diftance between the direct and re~ 
flected courfes of fuch a number of pulfes as 
would produce a diftinct found, is never in any 
church equal to 127 feet, the limit of echos. 

But though the firft reflected pulfes may pro- 
duce no echo, both on account of their being too 
few in number, and too rapid in their return to 
the car; yet it is evident, that the reflecting fur- 
face may be fo formed, as that the pulfes which 

come to the ear after two reflections or more, may, 
"after having defcribed 127 feet, or more, arrive 
at the ear in fufficient numbers ; and alfo, fo nearly 
at the fame inftant as to produce an echo, though 
the diftance of the reflecting furface from the ear 
be Jefs than the limits of echo. This is confirmed 
by a fingular echo in a grotto on the banks of the 
little brook called the Dinan, about two miles from 
Caftlecomer, in the county of Kilkenny. As you 
enter the cave, and continue fpeaking loud, no re- 
turn of the voice is perceived; but on your ar- 
riving at a certain point, which is not above r4 
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tinct echo is heard. Now this echo cannot arife 
from the firft courfe of pulfes that are reflected to 
the ear, becaufe the breadth of the cave is fo {mall 
that they would return too quickly to produce a 
diftiné fenfation from that of the original found: 
it therefore is produced by thofe pulfes which, 
after having been reflected feveral times from one 
fide of the grotto to the other, and having run 
over a greater fpace than 127 feet, arrive at the 
car in confiderable numbers, and not more diftant . 
from each other in point ef time than the ninth 
part of a fecond. 

The following obfervations on the phenomena 
of found, and the vibration of ftrings, which were 
communicated to me by a very ingenious philofo- 
pher, will be found to merit your attention, 

The phenomena of found and the vibration 
of ftrings have received much illuftration from 
the fkilful experiments, and accurate calculations 
of many judicious mathematicians ; but the mode 
in which vibration is effected and continued in fo- 
norous bodies, and propagated through elaftic me~ 
diums, does not appear to have been properly at~ - 
tended to, 

“ To fhew that found is not propagated by 
undulations or waves, fuch as we fee produced in . 
water by throwing a ftone therein, I fhall firft point 

“out the infufficiency of the hypothefis, and after- 
wards indicate the mode in which I imagine founds 
are propagated through the medium, and the fort 
of movement ftrings receive when in vibration, 

* tis known from experiments that found, 
proceeds from a center fpherically with equal ve- 
locities, whether the caufe or vibration of the fo. 
norous body bg grave or acute, ftrong or weak, 
It is obvious that water, which may be confidered 
as an incompreffible fluid, cannot be undulated 
from a center fpherically: as in this cafe the en- 
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tire mafs muft be moved, from the nature of in- 
compreffibility (and yet water will tranfinit found.) 
If it be granted that 4n incompreffible fluid cannot 
undulate from a center fpherically, but that an 
elaftic fluid may; we reply, that the phenomena 
prove found is not propagated by fuch undu- 
Jations, though the medium may poffibly be fuf- 
ceptible of them. 2 
._ Let A (fig. 5, pl. 4,) reprefent a fonorous body 
producing the equal and fucceffive undulations, 
b, c, d, &c. froma center fpherically, it is evi- 
dent they would continue ad infinitum, equal 
caufes producing equal effects, as the wave n is 
equal to the wave 4, and the medium is the fame; 
confequently found fhould never decreafe, as an 
equal wave of the fame medium would ftrike the 
eax. af, d or at m, and produce equal found, which is 
contrary to fact. Let A be fuppofed to produce 
undulations decreafing in the inverfe ratio of the 
_ Square of the diftance, the velocity of found would 
decreafe in that proportion; but this is alfo con- 
trary to fact, for found is always uniform. 

«Tt is plain, therefore, that. the phenomena 
in either cafe do not correfpond with the hypo- 
thefis, which confequently cannot be true. 

«« Letus now fay by what means found is pro- 
pagated or tranfmitted through the mediums pro- 
per for it’s tranfmiffion. 

«Sound proceeds progreffively through the air 
with an equal velocity, decreafing in force, if the 
medium be of equal denfity, in the inverfe ratio of 
the fguare of the diftance from the fonorous body. 
Now it is demonftrated that undulations or waves 
in the air would not produce the phenomena, as 
they would necefiarily produce equal force with 
equal velocity, or unequal velocity* with unequal 
force: and as motion or force can only be tranf- 
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er change of place, or by rotatory motion without 
change of place; and as direct motion is infuffi- 
cient to explain the cafe, it remains to try whether 
the rotatory motion of the particles agrees better 
with the known phenomena.”” 

« Before we proceed further, it will be neceffary 
to fay a few words on the movement of vibration 
in the ftring, or fonorous body. Let AB (fig.7,pl.4,) 
reprefent a mufical ftring; place a bit of paper on 
the ftring (fig. 7, p/. 4,) ahd make it vibrate: the 
paper will turn round in the direction in which 
the ftring is ftruck till the vibration ceafes. Now 
it is plain if the ftring o/cillated, the paper would: 
not turn round, but fimply move from fide to fide: 
with the ftring; and if the ftring moved from: 
the center, as when you take a cord in your hand, 
the one end faft, and turn it round, it would be 
twifted, and naturally turn back again to get rid of 
the twift; and confequently would turn the cord 
back again, &c. ; 

* But the cord only moves one way ; the ftring, 
therefore, only moves one way, and that way is in 
a /piral direction, (fig. 8, pl. 4,) no other being 
proper to produce the effect, The force returning 
by means of a fubtle medium, and the vibration 
decreafing in proportion to the denfity of the me- 
dium it vibrates in, as it naturally communicates 


~mere or lefs force, according to the number of 


particles it touches in a given time, as the ftring 
obvioufly turns ina fpiral, and does not return ; 
it is plain the force can only be kept up by a 
fubtle medium : now, the ftring in turning (fig. 9, 
pl. 4,) when at a, {trikes a particle of air o; and as: 
it makes the circle a, b, before it ftrikes it again, 
that time is the meafure of the vibration; cach 
particle of air ftruck is neceffarily turned round 
it’s axis with a velocity proportioned to the ftroke: 
a turns b, b turns b, b, c, &c. but as the number 
‘TT ea 
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of particles increafe in the ratio of the fquare of 
the diftance, ‘and the force is equally divided be- 
tween the particles; their rotatory velocity de- 
creafes in that ratio, and confequently their im- 
pulfion, or power to produce found ; but their pro- 
greffive velocity from A to d (fig. 10, pl. 4,) is 
undiminifhed : for, although b. has four times the 
velocity of c, and nine times that of d, yet b, cy 
and d employ equal time to communicate their 
unequal forces to the contiguous particles. Indeed, 
if we examine the nature of communicating force 
or motion from one body to another, you will pro- 
bably find that folid bodies always vibrate, and 
that fluids always have a rotatory motion: for let 
us fuppofe an incompreffible fluid. with it’s par- 
ticles in contact, it is evident that a fluid could 
only communicate force or motion from one body 
to another by the entire motion of the intervening, 
fluid, or by the rotation of it’s particles: but as 
we have no idea that motion can be communi-. 
cated but by motion, it feems difficult to conceive 
how a, can tranfmit force to b and c, without 
being itfelf firft moved;,and in this hypothefis, 
a, can only have a rotatory motion with the entire 
ac; but as it is not demonftrable that an incom- 
preffible fluid exifts, we can only prove that an 
claftic fluid, where the particles may be fuppofed 


{eparate, with or without the intervention of a ° 


fubtle medium, tranfmits force by the rotatory 
motion of it’s particles, from the infufficiency of 
any other hypothefis, 

“« Several vague and incorrect expreffions have 
crept into the doctrine of founds; as, that found 
is propagated by vibrations in the air: now the 
air does not vibrate; for vibration means a courfe. 
and recourfe in a given time, and belongs only. to 
the fonorous body; but the air propagates found 
progreffively with an equable velocity, without 

any 


4 
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any return: thus, 2s4o009 4 moves b, b moves c, &c. 
but c never moves b, nor b, a; and a remains ‘at 
reft till the fonorous body returns to it, and gives 
ita frefh rotation; for if it were a movement of 
impulfion only, it would caufe undulation ; ‘and’ 
as the waves would neceffarily decreafe, the velo~ 
city would decreafe ; and if the waves did not #e~ 
creafe the found would not decreafe, as a fimilar’ 
wave of the fame air would give the fame fhock,' 
and produce the fame found; but the velocity of 
found does not decreafe, and the force of found 
does decreafe : found, therefore, cannot be propa- 
gated by impulfion only; and as we cannot iivia~ 
gine force to be communicated except by infpiJ-” 
fion or rotation, rotation of the particles nf: = 
the mode by which air conveys found. : 
“ Thata ftring makes it’s vibrations by a {pital - 
motion, will appear more evident when we confi- 
der that the force has at once a progreffive and 
rotatory motion: thus, lee AB (fig. 6, p/. 4,) re~ 
prefent the ftring of an harpfichord; ftrike at 
B, the force paffes from B to A, and as it moves ° 
along, turns the ftring at the fame time. No other 
than a fpiral motion can produce at once progref- 
fion and rotation ; and as the force continues fome 
time in the ftring without returning from A to B 
along the ftring, it feems neceffary to call in the 
aid of a fubtil Auid to tranfmit the force from A 
to B.” : 





Or Musicat Sounps, 


* There are few who have not felt the charms 
of mufic, and acknowledged it’s expreffion to be 
intelligible to the heart. It is a language of de~ 
lightful fenfations that is far more eloquent than 
words: it breathes to the ear the cleareft intima- 
tions ; but how it was learned, to. what origin we 

owe 
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owe it, or what is the meaning of fome of it’s 
moft affecting flrains, we know not. 

«We feel plainly that mufic touches and. 
gently agitatcs the agreeable and fublime affections; 
that it wraps us in melancholy, and clevates in joy; 
that it diflolves and inflames; that it melts us in 
tendernefs, and roufes to anger; but it’s ftrokes are 
fo fine and delicate, that while it wounds it 
pleafes. As the paffions of individuals are more 
or lefs eafily affected, fo will their tafte of har- 
mony proportionably vary. Mufic is a language 
directed to the paffions ; but the rudeft paffions put 
on a new nature, and become pleafing in har- 
mony. It awakens paffions that we do not per- 
ceive in ordinary life. The moft elevated fen- 
fations of mufic arife from a confufed perception 


*- of ideal or vifionary beauty and rapture; which is 


fufficiently perceivable to fire the imagination, 
but not clear enough to become an object of know- 
ledge. The nobleft charm of mufic, though real 
and affecting, feems too confufed and fugacious to 
be collected into a diftinct idea. Harmony is 
always underftcod by the crowd, and almoft always 
miftaken by miuficians; who are in general fer- 
vile followers of the tafte of the mode; and who, 
having {pent much time and pains in the practical 
part, lay a ftrefs on the dexterity of hands, which 
_yet have no real value, but as they ferve to pro- 
“duce thofe collections of found that move the 
pafiions.”” 

True mufic is the tuning and modulation of 
the founds and expreffions of nature, fo as to ex~ 
cite anfwerable fenfations and fentiments within 
us. Hurnony and mind are connatural; whatever 
beings pariake of either, partake of both: hence 
it is, that mufical founds uttered by buman voices, 
or iffied from any muiical inftrument of man’s con~ 

Lrivances 
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trivance, proceed from what is of Divine origins 
and the force of them is felt only by what is of ths. - 
fame origin in others; namely, barmeny and mind. 
Sound is nothing more than the fubject matter of. 
mufic: it is harmony which gives forms to thig- 
matter, and makes founds to be mufical; but pro= 
portion, harmony, regularity, and order, are f+ 
feGions of the percipient principle-within us; from, 
it they receive all their beauty, to it they owe all 
their reality. : ° 

The theory of mufical founds is too intricate. 
and fubtle to make a part of my plan of ine. 
ftructions ; I fhall, therefore, content myfelf with 
Jaying before you a few obfervations, merely .te: 
awaken your attention to this curious fubject . ..:..: 

All motion is in time and meafure; and as. 
mufical founds proceed from motion, they mutt. 
be the objects of menfuration. If they are mea~. 
furable by numbers, there will be between thofe 
numbers a variety of relations; fo that fome, when 
compared with others, fhall be rational, and others 
irrational ; and thefe will denote the agreements 
or difagreements of founds among themfelves, 
which are called confonances and diffonances. 

Two ftrings of equal length, tenfion, and 
thicknefs, by performing their'vibrations together, 
will found the fame note, or be in unifon. Two 
pipes of the fame length and diameter will agree 
in the fame manner. - In the cafe of the ftring the 
air is {truck by the body, and the found is excited. 

. In the cafe of the pipe the body is ftruck by the 
air; but as action and re-adtion are equal, the ef- 
fect is the fame in either cafe. If the pipe were 
carried forward againft the air, as fwiftly as the air 
is driven againft the pipe, it would utter a found, 
as when the air moves and the pipe is at reft. 

Large inftruments and long ftrings produce 
grave or deep tones; {mall inftruments and fhort 

2 firings 
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ftrings produce acute or high tones; in organ- 
pipes, for inftance, in proportion to their length 
and dimenfions: this is alfo true in mufical ftrings. 
Hf I take a mufical ftring of any length, and di- 
vide it into two equal parts by a bridge in the mid~ 
dle, each half founds an octave, that is, cight notes 
higher than the tone of the whole ftring: their 
‘vibrations relative to the whole flring areas 2 to1;, 
therefore, they perform the fame number of vi- 
brations in half the time; confequently the octave 
coincides with the fundamental note at every fe~ 
cond vibration. 

Hence you will obferve, that it is the fhorteft 
ftring of a harpfichord which makes the high 
notes; and that they gradually increafe in length 
as you increafe to the decpeft note of the inftru- 
ment, though there be black and white keys on the 
harpfichord, and each ftrikes a different note, which 
are called by the firft feven letters of the alphabet. If 
you begin with A, and ftrike feven notes in fucceffion 
upwards or downwards, you will cither way come 
again to A; they are not, indecd, the fame notes as 
that with which you began, but they are octaves 
to it, vibrating the one in half, the other in double 
the time. Thefe feven notes are thofe of a peal 
of bells: when there are eight, the fmalleft bell 
is an octave to the largeft. To render their in- 
ftruments more comprchenfive, muficians have 
introduced intermediate notes called femi-tones ; 
cach half a tone higher than the note below it, 
and confequently half a note lower than the note 
above. ‘hefe are the fhort white keys on the 
harpfichord. 


Or Sympatnuetic Sounps, 


A fvmpathy is obferved when mufical ftrings 
are compared together; and when the fame ftring 
is compared with itfelf, the parts fympathize with 

the 
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the whole. When one ftring is ftruck, another 
that is near it, and in concord with it, will anfwer 
it fo that the found may be diftinguifhed by the 
ear, though fomewhat obfcurely. When it can~ 
not be heard, it’s fympathetic vibrations may be 
difcovered by laying fome light body on it, which 
will appear to be agitated, fo as even to fall away: 
from the ftring: but if the fame ftring makes.g 
difcord with it’s fellow, no motion will arife in it. . 
This effect mutt be fuppofed to depend upon the. 5: 
undulation of the air; which being according toy’. 
or ina Certain meafure, excite correfponding Vibras 
tions in ftrings that accord with them, but pro- ; 
duce no effect in thofe that contradi@ them: as 
the vibration of a ftring produces found in the aix,' 
fo found already excited, if of a proper mealure,, 
will produce vibrations in a fring. Reg 

There is fomething ftill more fubtle than the 
coincidence between two different ftrings in con~ 
cord. Every fingle firing carries it’s own har~ 
mony with it, When a fingle ftring is founded, 
there are certain fecondary and (abenlinate Vir 
brations attending upon the primary; infomuch, 
that it is queftionable whether there is any fuch 
thing as a folitary found in nature. 

What fhare focver man may feem to havein _' 
modifying, all that is found in this world to de- ’ 
light the fenfes, is primarily the work of God. 
Wine is prepared by human labour, but it is given - 
us in the grape by the Creator. The prifmatic 
glafs is the work of art; but the glorious colours 
it exhibits to the eye are from Him who faid, 
Let there be light. Man is the contriver of mufical 
inftruments, but the principles exciting harmony 
are in the elements of nature. The element of 
air was as Certainly ordained to give us harmonious 
founds in due meafure, as to give refpiration to the 
lungs; it is fo conttituted as to make thoufands of 
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pulfes at an invariable rate, by means of which the 
Proportions and coincidences of mufical founds are 
_preferved.* 

Mutfic may be confidered farther, as the work 
of God in the nature of man, who has enabled him 
to fing as well as to fpeak. The gift of fpeech 
‘we cannot derive but from the Creator, and the 
“gift of finging is from the fame author. The fa_ 
culty by which the voice forms mufical founds is 
‘as wonderful as the flexures of the organs of fpeech 
din the articulation of words. The human pipe 
is of a {mall diameter, and very fhort, when com- 
pared with the pipes of an organ; yet it will dif- 
tinGly give the fame note with the pipe of an 
organ eight feet in length. The moveable oper- 
‘culum on the ‘pipe of the human throat, which is 
imitated by the reed of the organ, has but a very 
fmalf range: yet, with the contra@ion and ex. 
panfion of the throat, it will utter a {cale of fe~ 
venteen degrees, and divide every whole tone into 
an hundred parts, which is fuch a refinement 
on mechanifm as exceeds all defcription. Con- 
trary to the opinion of ancient philofophy, it 
has been demonftrated by the late curious ex- 
periments of a very ingenious inquirer into the 
frame of man, in a neighbouring nation, to be 
partly flutal, and partly chordal: wherein the 
vibrating air, in it’s various degrees of expiration, 
or propulfion from the lungs, ferves as a bow, or 
as quills to ftrike upon the chords. The corref- 
pondent vibrations of the little chords have, by 
his ciffections, been made apparent to the eye, 
continuing as long as the found continues; the 
found dying away as the vibrations ceafe. The 
cartilages and mufcles, which ferve varioufly to 
extend, or to remit thefe chords, and thereby at- 
tenuate them, or increafe their diameters, fo as 

to 
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to render the voice either fhriller or deeper, are 
a contrivance which almoft furpafles wonder ; ef 
pecially when we confider the amazing fubclety, 
and nice adjuftment of the machine in it’s ope~ 
ration; that the whole difference of extenfion or 
contraction, within which the entire extent of the 
human voice is placed, through an almoft infinite 
variety of notes, lies within the compafs of two 
or three lines, or within the minute compafs of 
a fixth or fourth part of an inch. Thus you fee 
that the works of God furpafs the imitation, or 
even comprehenfion of human art; wonderfully 
made for the communication of focial pleafure and « 
moral improvement. . i & 
The fame may be obferved of the earz.if 
this were either more or lefs fenfible, we fhould 
never have had any idea of melody or harmony; 
for a ftring and it’s aliquot divifions are ‘as 
1,4, 4, ¢th, &c. and the number of vibrations in 
a given time are as the numbers 1, 2, 3, 4: com 
fequently, this ferics of founds muft contain ail” 
the poflible varieties of intervals. If, therefore, 
every aliquot divifion produced a fenfible effect by 
it’s vibration, we thould hear. in every muficad 
ftring an infinite variety of chords, diffonant and 
confonant, in fharp and flat keys at the fame time, 
Thus would all the charms of melody be deftroyed, 
and where many miutical ftrings were founding to- 
gether, this confulion of confonance and diffonance 
would be ftill farther increafed; and we fhould, 
therefore, have been deprived of the perception of 
harmony. 4 
You have here then another imftance of the 
admirable fkill with which the different parts in 
nature have been adapted to each other by their 
all-perfect Creator. In other cafes you have found — 
him confulting the welfare of his creatures; in the 
prefent inflance you muft infer that he a eas 
ecn 
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‘been lefs. attentive to our innocent gratifications : 
for had the human ear been endued with a lefs 
' degree of fenfibility than it is at prefent poffeffed 
of, it is evident that we fhould have loft much of 
the delightful effects of harmony; had it been 
endued with greater, we fhould have had no per- 
ception either of melody or harmony ; fo that the 
human ear has the proper conftruction that contri- 
butes moft to the pleafures of hearing. 

I have now finifhed one of the firft fubjects 
that I meant to explain, and have laid before you 
an account of the principal properties of our cir- 
cumambient atmofphere. Many things yet remain 
to be explained ; one or two of thefe I fhall flightly 
mention ; others cannot be difcuffed till I treat on 
fire and elaftic fluids. 

The atmofphere that furrounds our earth, 
contains a mixture of all the active and volatile 
parts of the habitable world; that is, of all vege- 
tables, minerals, and animals: whatever perfpires, 
corrupts, or exhales, impregnates the air. By 
it’s perpetual ofcillation air continually operates on 
all things that have life, whether animal or vege- 
table, keeping their fibres and veffels in continual 
action, according as it’s preffure and elafticity are 
varied by heat or cold, moifture or drynefs. . By 
it’s preflure the parts of our bodies are kept com- 
pactly together, and the fuids prevented from 
burfting their veffels: in the fame manner with 
vegetables, without this preffure, the internal air 
would efcape, and deprive the juices of the agent 
that helps to drive them forward. So far from 
being injurious to us, this preflure is our greateft 
comforter and affiftant: when the air is heavieft 
our fpirits are found to be the lighteft; when the 
mercury is at it’s greateft height we are invigo~ 
rated and enlivened, and are more alert than when 
the mercury is low and the atmofphere light. 

It 
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It is the particles of air and other corpufctes 
Hoating in the atmofphere, which form that noble 
and lovely blue canopy fo magnificently arched 
over our heads: it is thefe which refiect thofe in- 
numerable rays of light, which occafion the foft 
approaches to day and night, the morning dawn 
and evening twilight: it is thefe particles that 
form that enfeebled appearance which gives you the 
idea of vifible diftance ; the objects that are near, 
glowing in lively colours, while thofe at a diftance 
are circumfufed in a blue mift, too faint to be 
called a cloud ; but receding ftill further from you, 
they wholly difappear, and fink in the circumfluent 
occan of air: it is here that the clouds, pendent 
lakes of water, are fuftained, and float. The 
yielding atoms glide from you in the paffive 
air while it is ftill; yet, if the ftorm blows, and 
the air in full tide rufhes one way, it bears down 
houfes and large forefts ; it {weeps the vaft feas into 
mountains. However infenfible the oppofition of 
every fingle particle may be, and however irrefifti- 
ble the motion and force of a cannon ball that lays 
in duft the firmeft caftles and fortreffes, yet is it’s 
force in a few moments overcome and deadened 
by the numberlefs and fucceffive oppofition of the 
particles of the yielding air. 

In the courfe of your philofophical purfuits, 
“many arguments will occur, both from nature and 
experiment, which feem to prove that the clement 
which furrounds us is not merely a mixture of air 
and fire, but one thing in kind, confifting of parts 
differing in degrees of fubtlety, from the groffeft 
to the moft refined air; with a gradation fo infen- 
fible, that we fhall never be able to fay where air 
ends and fire begins: as the light of the rainbow 
grows fo dilute by degrees, that no line can be 
drawn between it’s edge and the uncoloured iky. 
Yet, from the grofleft air to the moft intenfe rire, 
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the progreffion is fo remote, that philofophers have 
connected air and fire by the mediation of what 
they call a /ublil matter, pastaking of the nature 
of both. 

Experiment and reafon feem further to prove 
that light is the mediating fubftance between fire 
and air; it’s two extremes are red and blue; one 
the colour of fire, the other of the air. The red 
rays are either fire, or would be fuch under certain 
circumftances: while the fhades of blue vanifh 
into air, or would be fo if we could purfue them 
far enough; but when they ceafe to be coloured, 
they ceafe to be vifible.* 

That air and fire are different conditions of 
ghe fame elementary matter of the heavens, is fo 
far from being a new opinion, that it is a doctrine 
of great antiquity. Hf air refolves it{elf into fire, 
and fire by it’s turn reverts to air, ir feems nothing, 
more than what is commonly obferved in water, 
which affumes the folidity of ice, and coalefces into 
the fieecy form of fnow, or becomes rare and im- 
palpable in vapour: under all thefe conditions, 18 
is nothing but the one fimple fubMance of water, 
to which it returns fooner or later. When you afhirm 
that a {now-ball and the water ina cauldron are of 
the fame fubftance, who can deny it? A child 
who fhould feel both, would not readily under~ 
ftand how this could be; and yet are we not alk 
children in philofophy? Various fimilar inftances. 
may be pointed out, all tending to illuftrate thefe 
notians. 

But if the conftitution of the air be agreeable 
to this analogy, we muft confider the matter of the 
heavens as one vaft fluid, whofe parts differ in 
magnitude; fo that fome will be ftopped by the 
fartaces of bodics, while others more fubtil pafs 

freely 
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freely through their pores: thus fome will be 
acting within, others without bodies; fome will 
heat, others will cool them; fome will comprefs, 
others will divide; and thus carry on the two 
great and univerfal effects of confolidation and dif. 
folution, generation and corruption.* 

Already I have obferved to you how much 
thefe ftudies tend to cherifh and invigorate a tafte 
for true beauty and lovelinefs, a defire to dwell on 
truth, equity, and goodne/s: by contemplating thefe 
objects, you will be infpired with an admiration 
and love of them; admiration and love beget 
imitation firft, and then fimilitude, I have alfo 
obferved to you that every effect in the creation of 
the world, or the government of it, fhews the con- 
fummate wifdom of it’s Creator and Governor. 
This wifdom, indeed, is feldom feen but by thofe 
who philofophize, and are curious to fearch and 
pry into the wondrous frame of every piece of 
Divine workmanfbip; and into the fecret Springs, 
and every complicated movement of the Divine 
adminifivation. 

The wifdom fhewn in any work, operation, or 
energy, whatever it may be, is divifible into two 
kinds : one refpecting the exd or defign, the other 
refpecting the means by which the end or defign 

_is accomplifhed. Every end is wife in which 
fome confiderable good is intended to be produced ; 
and that is the wifeft end in which the moft and 
greateft good is intended: all means are wife 
which. have a ¢exdency to produce their end; and 
thofe are the wifeft means which are the /oorteft 
and fimplef, and at the fame time the mott effica- 
cious and certain, 

Now, in that ftupendous work, the fabric of 
the great world, or the external univerfe of things, 

you 
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‘you will find every requifite to prove shat wi/dom 
the moft perfeg was the Creator of it: for if the 
world in which we live, this terraqueous globe, 
_with it’s furrounding atmofphere, and as much as 
we can fee above it, be taken for a fpecimen of 
the whole, it will appear to you, onan accurate 
furvey, that the ed intended to be produced by 
the creation, was the moj good poffible ; good to 
every being fo formed as to be capable of enjoy- 
ment; and to the nobieft of thefe created beings 
as much and as great good as it is poflible for crea- 
tures to enjoy: the proof of this has already 
commenced, and will be continued through the 
courfe of this work. It is beyond human power 
_ to conceive a better contrivance for good than the 
air that furrounds our earth: it is this that makes 
way for the tranfiniffion of light, without which 
the faculty of feeing in all animals, would have 
been ufelefs. It is this that provides for the eafe 
and freedom of motion upon carth, without which 
life itfelf had been beftowed to little purpofe. It 
is this which communicates found, without which 
we could not have conveyed our thoughts to one 
another by the help of fpeech ; not to fpeak of 
_ the pleafure which refults from the harmony of 
different founds. It is this that gives rife to the 
wind, which mixes and tempers the exhalations ins 
terfperfed in the atmofphere, corrects the heat in 
the hotter climates, and carries the clouds from 
piace to place, to diftil the needful rain; which, 
defcending in prolific fhowers and dews, makes 
the fmiling earth teem with plenty and beauty. 

It is this that is the breath of life in all fub- 
lunary creatures: it is owing to this that fo many 
clafies of creatures are able to wing their way 
through the aerial regions. The more you reflect 
upon every circumftance, the more you will be 
convinced, that our benevolent Lord and God could 

not 
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not have better adapted this part of inanimate na+ 
ture for the diffufion of good. ; 

Air is a general agent, not only exerting it’s 
own, but calling forth the qualities or powers of 
all bodies: nothing ferments, vegetates, or putre- 
fies without air, which operates with all-the vir- 
tues of the bodics included in it; that is, of all 
nature; there being no drug falutary or poifonous. 
whofe virtues are not breathed into the air. 

I fhould here like to give you the opinions of 
the antients on the fubject of air: the difcuffion: 
would be interciting and inftructive; but, as it’. 
would lead us too far, I muft confine myfelf to- 
thofe of Ilippocraies; a man almoft deified for’ 
his knowledge by thofe of his own time. He had 
enriched his mind from the experience of earlier 
times, anda diligent ftudy of nature: © The ele- 
ment of ar has,” fays he, «dominion over the 
human body, and is the principal fource of all 
things that happen to it, whether good or bad. 
{t's power and influence deferve well to be exa- 
mined; for wind is no other than a current of air 
rolling along in impctuous waves, which are fo 
violent as to tear up trees by the roots, raife the 
waters of the ocean into a {torm, and overwhelm 
and fink the largeft veffels to the bottom of the 
deep. Such, and fo great is the power it exercifes, 
though at the fame time it is not an object of our 
fenfes, but manifeft only to our reafon, What 
are the cflects to which air is not neceffary? or in 
what place is it not prefent? All the {pace between, 
the heaven and earth is filled with it. It is the 
caufe beth of winter and fummer: in the winter 
it is condenfed and cold; in the fummer it is 
nuld and ferene. The fun, moon, and ftars are 
directed by it in their courfes; for air is the ali- 
ment of fire, and fire that is deprived of it be- 
comes extinct; fo that the fun itfelf has a per 
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petual motion, by means of a pure and perennial 
air. The fea itfelf is impregnated with this ele- 
ment, becaufe the inhabitants of the water cannot 
fubfift without it: in a word, it fuftains the moon 
in it’s orbit, ferves as a vehicle to the earth, and 
no place is void thereof.” 

Plato, the greateft and moft amiable of the 
Greek philofophers, accounts for the animal func- 
tions from an intertexture of air and fire acting 
throughout the whole frame of the body. To 
fire he afcribes the office of expanding within, and 
acting through the body outwards ; while the ele~ 
ment of air compreffes from without, and counn 
teracts the force of the internal fire. 


: © 199) 


ON THE 
NATURE AND PROPERTIES OF 
FIRE 


LECTURE VI. 


S it is one end of thefe Lectures to open 
and improve your underftanding—to invi- 

gorate and expand the faculties of your mind— 
to exhibit a clear view of the beauties of creation—~ 
the properties of matter—the Jaws of motion— 
the powers and immortality of man—the ultimate 
intention of God in the production and prefer- 
vation of the univerfe; it will be proper to lay 
before you, from time to time, the nicer difcrimi- 
nations of truth ard falfchood, which cannot be 
better effected than by collating the fentiments of 
the wife and moft experienced among mankind, 
and laying them before you. 

Though ‘Truru does not appear in the other 
departments of learning with that bold and irre- 
fiftible conviction with which it prefides in ma~ 

“thematical fcience, it fhines through them all, if 
not interrupted by prejudice, or perverted by 
error, with a clear and ufeful, though inferior 
ftrength: and as it is not neceffary for his general 
fafety or convenience that the traveller fhould 
always enjoy the heat and fplendor of a mid-day 
fun, whilit he can purfue his journey with more 
pleafure and accommodation under the weaker in- 
fluence of the morning or evening ray, fo it is not 
requifite for the various concerns and purpofes of 

O04 life, 


200 Lecrures on Naturat Puttosopuy. 


life, that men fhould be led by truth of the moft 
redundant brightnefs.* 

On the contrary, it is in every view more ufe- 
ful and expedient for us, fituated and circum- 
‘ftanced as we are, that Providence has left us 
in the confines of much darknefs, to act and 
move under the fhades of weak, but fufficient evi- 
dence: fuch is the evidence we are obliged to res 
fort to in natural philofophy. 

To know the inherent powers and properties, 
qualities, attributes, motions, operations, caufes, 
and effects of thofe dodies with which we are by 
nature every where furrounded; which are perpe- 
tually foliciting the external fenfes, and with whofe 
ufes we are immediately concerned ; conftitute the 
various and extenfive ficld of Puystcs or Natu- 
RAL PHILosopny, 


Or Puysicar Principies. 


The evidence of the external fenfes is obvi- 
oufly the primary principle from which all phyfi- 
cal knowledge is derived. 

But whereas nature begins with cax/es, which 
after a variety of changes produce effeés, the 
fenfes open upon the efeés, and from them, 
through the flow and painful road of experiment 
and obfervation, afcend to cau/es. 

Man appears upon the ftage of this material 
fyftem as upon a vifionary theatre, in which he 
looks only upon the exterior of things, as the eye 
upon a flower that is full blown; or upon an infect 
in all the pride and beauty of it’s colours, without 
obferving immediately the diferent fiages through 
which they have paffed, the different forms they 
have affumed, the different changes they have un- 

: dergone; 
“ * Tatham’s Scale and Chart of Truth, vol. 1. p.124, &e. a 


work which I moft carneftly recommend to the perufal of al} 
philofophers, 
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dergone; and without defcending to the /eeds and? 


principles from which they fpring, and which, 


upon examination, will be found totally different . 


both in form and colour. In like manner are the 
fenfes, the ultimate criteria of all phyfical know~ 
ledge, liable to be impofed upon and deceived in 


regard to the qualities and caufes, the powers and. 


operations of PHYSICAL BODIES, 

The fenfes are therefore to be affifted by obfer— 
vations taken with diligence and circumfpection ; 
and to be undeceived by different analyfes, which 
diveft nature of her external and compounded 


form, and lay open her internal mechanifm and - 


s 


conftruction : their errors and mifconceptions are -! 


to be rectified by the ufe of experiments of. dif- 
ferent kinds, which penctrate her inmoft receffes, 
and defcend to her remoteft caufes. By the a 
plication of fuch affiftance they are enabled, but 
not without difficulty, to leave behind the fallacious, 
to pafs from one appearance to another, and, as far 
as human fearch can go, to judge of the realities of 
things. 

The information which the fenfes give us, as 
Lord Bacon, the great friend and father of philo- 
fophers, has obferved, is to be examined and cor- 
rected by various methods; for though they de- 
ceive us on ail occafions, they themfelves difcover 
the errors into which they lead: but, whercas the 
errors lie immediately before us, the indications of 
them are to be fought at a great diftance. 

The fenfes are fubject to a two-fold defe& ; 
they either defert, or elfe deceive us. Many fub- 
jects elude their cognizance, however well they 
may be dilpofed and free from impediment ; éither 
from the tenacity of the whole obje@, or the ex- 
treme minutenefs of it’s parts; from the diftance 
of it’s fituation, the flownefs or velocity of it’s 
motion, it’s familiarity to the eye, and from many 

other 
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other caufes. And again, where they fully ap- 
- prehend their object, they are not to be fecurely 
relied upon; for the teftimony and information of 
the fenfes depend on the analogy and contftitution 
of man, and not on thofe of the univerfe; fo that 
to fay that fenfe is the adequate meafure or competent 
judge of things, is an affertion founded in miftake. 
_ To obviate the imperfections of fenfe, philo- 
fophers are under the neceffity, by much labour 
and attention, of calling in aid from every quar 
ter, in order to fupply the deficiencies, where the 
fenfes fail us; and alfo to regulate and rectify 
them where they vary in themfelves. This is cf- 
* feGed not fo much by the ufe of inftruments as 
by the help of experiments; for experiments are 
more penetrating and fubtil than the fenfes, even 
when aflifted by inftruments of the moft exquifite 
contrivance. I mean,” fays Lord Bacon, for he 
is ftill-fpeaking to you, “ fuch experiments as are 
ingenioufly invented, and applied with fkill and 
addrefs, to the elucidation of every thing which 
is the fubject of inquiry. 

Philofophers do not therefore rely upon the 
perception of the fenfes, immediately applied as 
in their proper and common exercife, but bring 
the matter of judging to this iffue: That the 
fenfes judge of experiments, and experiments of 
things: thus experiments are in fact as the reli- 
gious guardians of the fenfes, from which every 
thing in found philofophy is originally derived, 
and the kilful interpreter of their oracles; fo 
that whilft others only pretend, true pbilofopbers 
in reality cultivate and fupport the EvIDENCE OF 
SENSE. 

It may, therefore, be laid down as a maxim, 
«© That no pbyjical effef is really explained or un~ 
derftood, unlefs it be deduced from a phyfical 
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be experimentally demonftrated.”” Men have no 
right to affime the character of lawgivers to the 
works of God, but muft be content to borrow 
from them ail the laws of philofopby. 

I fhall hereafter endeavour to explain to you 
the nature of phyjfical reafoning, and fhew you how 
the philofopher is conducted by a flow, but fteady 
pace, in the rational inveftigation of the general. 
caufes of phyfical truth: my prefent bufinefs will 
be to treat of the wonderful element of Frre; an - 
agent concerned in almoft every operation in life, 
and every phenomenon in nature; and you may 
boldly affert, that that fyftem of natural philofo- 
phy which does not confider the agency of fire 
in it’s explanation of phenomena, is not founded 
on truth. | 


Or Frre. 


Fire is an agent of fuch {mportance toward. 
the government of the natural world, and of fuch 
ufe in all the concerns of life, that it has always 
attraéted the notice of mankind, and driven them 
into various fpeculations. We find, accordingly, 
that the ancient heathens not only admitted it into 
their philofophy, filling the univerfe with it’s fub- 
ftance, and deducing therefrom all the greateft 
effects in nature; but they were fo ftruck with it’s 
power and ufe in the world, that they paid to fire 
divine honours. 

Notwithftanding it’s celebrity among the an- 
cients, and the univerfality of it’s agency in na- 
ture, very different opinions have been held by 
the moderns concerning it; fome contending it 
it was incorporeal; others difputing whether 
fire in itfelf is truly a being like water, air, and 
earth, or an adventitious and acceffory pro- 
perty refulting from the inteftine motion of the 

infenfible 
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infenfible particles of matter; it will be necef- 
fary, therefore, to prove to you the materiality and 
reality of fire as a diftinct being. 

: ‘The far greater part of thofe who have con- 
fidercd the fubje@, believe fire to be a fubtil, ac- 
tive, and elaftic fluid, univerfally diffeminated 
through the univerfe, penetrating all bodies with 
more or lefs facility; having a conftant tendency 
to diffufe itfelf uniformly, fo as to maintain an 
equilibrium; dilating the feveral fubftances it pe- 
netrates, and making them affume the ftate of Aui- 
dity, and afterwards that of vapour. Hebenever 
you perceive a number of qualities always exifting 
together, you are warranted to conclude that there is 
Some fubflance which produces thofe qualities. 


Firt A REAL AND MATERIAL SUBSTANCE. 


Fire can drive out other matter from any 
given fpace ; and certainly that which can expel 
other bodies, and take the place of them, muft, 
itfelf be body. If the ball of a thermomcetrical 
tube be filled with air, fpirits, or mercury, fire, 
applied underneath will expel chem all in their 
turns, which it cannot do but in virtue of it’s 
own proper extenfion; and if it be extended, it is 
a bodily fubftance, 

Whatever occupies fpace, and refifts the 
touch, we have a right to call a material fub- 
flance, whether we can /ee it, and weigh it, or not: 
thus air, which is invifzble, and not very catily pow- 
deradle, is univerfally allowed to be a /udjunce, and 
nol a quality. 

Light is an emanation of fire; the decampo- 
fition of the rays of light proves their materjality : 
what is light on the furface of a burning-glafs, is 
fire at it’s focus; whatever, thercfore, proves the 
materiality of light is applicable to fire, 

A fluid, 
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A fluid, fubject to the like laws with the 
elaftic air, muft be as material as the air is. Fire, 
in common with air, is fubject to be confined by 
an incumbent preffure, and releafed when that 
preffure is withdrawn. Fire would make water 
boil much fooner if it were not refifted by the 
preffure of the atmofphere on it’s furface; and 
therefore it boils, as you have feen, with a very low 
degree of heat in the vacuum of an air-pump. 

Fire evaporates alfo from an heated liquor 
more /low/ly, when counteraéed by the preflure of 
the air: thus, if two equal veffels of water equally - 
heated be fet to cool, one under the exhaufted re- 

‘ ceiver of an air-pump, the other in the open air, 

“the water under the receiver will cool fooneft: 
thus proving that fire is confined by an incumbent 
preffure, and that it evaporates with greater free- 
dom where there is lefs refiftance. 

Proofs multiply on proofs to fhew that fire is 
a material fubftance; for, like any actual fubftan- 
tial fluid, it may be ¢ransferred with different cir- 
cumftances, from one parcel of matter to another. 
lf you add any quantity of hot water to the fame 
quantity of quickfilver, of the fame temperature 
with the atmofphere, the water will communicate 
about twice as much heat to the quicktilver, as the 
quickfilver of the fame heat-would give to water 
as cool as the quickfilver in the firft inftance. 
This thews that fire is not the production of mo- 
ticn in the folid parts of matter; becaufe in that ' 
café the heavier particles of quickfilver would 
communicate more motion to the parts of water, 
than the parts of water, which are fo much lighter, 
and have confequently lefs momentum, could com- 
municate to the quickfilver; whereas the effect 
of the heated water on mercury is twice as great 
as the effeét of the heated quickfilver on the 
‘water. This neceflarily implics a trassfufion of 

fome 
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fome matter or clement from one of the bodies into 
the other; and is inexplicable, upon the fuppo- 
fition that the particles are expanded by an innate 
repulfion, or any ux/ubfantial quality; for how can 
quality be poured out like a liquor from one veffel 
to another? or move like a river with different de- 
grees of force, through channels of different 
breadths, as is plainly here the cafe with fire ?* 

Put a piece of iron or copper into a glafs 
veffel containing aqua fortis; if it works tolerably 
well, place the phial under a receiver, and exhauft 
the air; it will then work with more violence; 
fo much fo, that if the air were exhaufted to an 
high degree, it might poffibly take fire and ex- 

lode. While it is boiling with vehemence, drop 
it into a veffel of cold water (previoufly placed on 
the plate of the pump,) which will very foon fo 
check the operation, that the aqua fortis will not 
work with the fame violence fo long as it is fur- 
rounded by the water. That the agent in this cafe 
is fire, appears very plainly, and that the motion 
does not make the beat, but that the fire and heat 
occafion the motion; becaufe when the air, the na- 
tural antagonift of fire, is removed, the fire acts 
more freely. That the water applied externally 
fhould check the fire, is very natural, if it be con~ 
fidered as a fluid; but no reafon can be given why 
it fhould check the operation, upon any other 
principle. 

Nothing can be more ftrange than to imagine 
motion can impart a property which it has not in 
itfelf: what kind of connection is there between 
the ideas of burning, and motion of any fort? or 
how can motion account for any thing but motion? 
" Imagine all kinds if you pleafe; let them begin 
how you will, and take as many different direc 

tions 
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tions in all their different particles—will this con- 
vey to your mind the idea of heat, light, or fire? 

ad you never felt the effects of fire, though you 
had feen the inteftine motions of all the particles 
of the globe, do you conceive thefe motions would. 
have given you the idea of heat or light? 

Motion may difengage fire from bodies, or: . 
it may give it a particular direction, in which it, 
may have a more fenfible effect; but motion does 
not create fire. Motion may render things fen~ 
fible, which it does not create or caufe; and it 
may difpofe them to act fo as they would not have 
acted while at reft. We do not perceive the ex- 
iftence of air when there is a perfect calm; but 
when the air is put in motion, we perceive it: the . 
motion does in this cafe all that the motion does 
in the other ; it does not create what we perceive, 
though it renders it fenfible. There was fire in 
the wood, and there was air in the field, though 
we did not perceive either while at reft: the rub~ 
bing two pieces of wood does not create fire, any 
more than the blowing of the wind creates air: 
motion only renders both perceptible; they both 
exifted, although unfeen and imperceptible to our 
fenfes. 

Among the inconceivable and incredible myf- 
teries that philofophy propounds, we may confider 
that which intimates the poffibility of fire being: 
nothing elfe but an intenfe vibratory motion of the 
particles of an heated or ignited body. In the 
hotteft bodies we cannot be made fenfible of vi- 
bration exifting among their particles, while cer- 
tain founds will caufe the moft folid fubftances to 
vibrate perceptibly, without producing any heat. 

That fire cannot be caufed by any mechanical 
motion we can imprefs, is evident; becaufe on 
mechanical principles the effect muft always be 
proportionable to it’s caufe: in the cafe of fire 
4 the 


‘ 
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the efféct very far exceeds the caufe, fuppofing the 
latter to be only a mechanical percuffon, as in the 
cafe of hammering iron till it be red-hot. We 
allow that by a few itrokes of an hammer the iron 
will be put into motion, and heat will be produced ; 
but if you direct this motion of thefe particles 
upon another body whofe parts are at reft, thefe 
will refift the communication from the former, in 
proportion to their v/s inertie, and the cohefion 
of their parts. No rcafoning upon mechanical 
principles can Shew why motion fhould increafe 
and multiply itfelf without end, as we fee fire do : 
befides, motion, and vibration are effeés, for matter 
will not begin to move itfelf: and further, thofe 
that have adopted the hypothefis of motion, bave 
never proved the mation for which they contended: 
if granted, the phenomena could not be explained 


by it. If heat depended on motion, it would im- 


mediately pafs through an elaftic body; but it 
paffes through them flow, like a fluid: if it de- 
pended on vibration, it ought to be communicated 
from a given vibration, in proportion to the quan- 
tity of matter; but this is contrary to facts.— 
When we fee a fmall fpark gradually {et a large 
city ina blaze, it is impoffible to fuppofe that there 
is no more motion in all the parts of the city thus 
on fire together, than there was in the firft little 
fpark that began the fire; or that there is no more 
power or force in this fire, than in the fearce dif- 
tinguifhable. fpark by. which it began. Further, 
the laws of the communication of fire are not ana- 
logous to the laws of motion; and nothing is lefs 
known, or more difficult to be known, than the 
progreffion and communication. of fire in fyftems 
of bodies of unequal temperature. 

In whatever way you exainine nature, whether 
you begin with it as it ftands tothe reafon, and then 
divide it by the imagination into all it’s various 

2 modifi- 
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modifications; or whether you begin with the 
moft general properties as they appear to the fenfes, 
and then compound them into all the variety of 
nature, ftill you will find that fire has the fame 
pretenfions to reality with air, earth, and water, 
How came it then that motion was ever aly. 
figned as the caufe of fire? It feems to have arifen 
from our being apt to confider what we fee imme. 
diately precede any peg. as the caufe thereof: 
hence, perhaps, Bacon, Defcartes, and Newton, 
having obferved that hear followed the fri@ion of 
two dried bodies rubbed together; that a cord 
caught fire by being rubbed againtt herd fub-. 
ftances ; and that a piece of iron might be beaten 
red-hot ; were inclined to imagine that this motion, 
was the caufe which generated the heat; though 
2 perfon who had never feen thofe experiments, - 
but who had obferved that motion of fome kind or 
other had, been always produced ini all matter upor 
the application of fire, would certainly have con- ° 
cluded the contrary—that motion was caufed by 
fire: and when he found that heat is very often by 
no means the refult of motion, but produces cold, 
he could noe but infer the reality of the exiftence 
of fire; which never fails to praduce motion, in 
oppofition to motion being the caufe of fire, which 
is at beft but a partial caufe. 
’ That fpecies of falfe reafoning which pros 
ceeds from a few particulars to a general conclue, 
fion, fteals into the mind fo imperceptibly, that 
men can hardly be too much on their guard againft 
it. Confidered in it’s own nature, nothing can be 
more obvious than that a propofition, which may 
be true in a particular inftance, may not be fo in- 

‘ variably; and that, therefore, two fuch propo. . 
fitions fhould never be confounded together as if 
they were fynonymous : had this been fufficiently 

You. I, P attended 


aro Leerures on NaTurat Puttosopny. 


attended to, motion would never have been confi- 
dered as the origin of fire. 

: The difficulty that has fo long attended the 
acknowledging the reality and elementary exift- 
ence of fire, has alfo arifen from the implicit cre- 
dit we are apt to give to the opinions of very great 
men. A man of fuperior genius, who has diftin- 
ged himfelf by new difcoveries, more exten- 
ive ‘reafoning, or more accurately inveftigating 
‘truth, naturally gains“an afcendancy over the 
minds of others, which fpreads a fanction on 
his miftakes: it becomes a kind of facrilege to 
examine’ even his conjectures; and time only, 
swhich leffens all other reverence, muft wear off 
that which we have conceived for him, before 
‘mankind can acquiefce in his being fallible: no-~ 
thing has been: fo eminently detrimental to the 
progrefs of fcience, as a blind and fervile defer- 
ence to the authority of great names. : 

As new terms have within thefe few years 
deen adopted by the writers who have treated on 
fire, it will be neceffary, before we proceed, to give 
you fome account of them. By the word fire in 
thefe Lectures, I mean that very fubtil fluid which 
is the caufe of heat, and by which bodies are ex- 
panded, . fluids raifed into vapour, folid bodies 
yendered fluid, &c. Modern French writers, for 
the fame purpofe, ufe the terms igneous fluid, 
matter of beat, and lately caloric. Some Englith 
writers have ufed the word Aeat in the fame fenfe ; 
thus confounding the caufe with the effect. Heat, 
properly fpeaking, is that fenfation which the 
prefence of fire occafions in an animate body: the 
ftate of an inanimate hody, when it contains 
fire, is alfo diftinguifhed by this word; for we fay, 
the heat of red-hot iron. We ought always by 
the word ‘beat to underftand the efed of fre, or 
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fire acting ina certain manner, rather than the. 
element itfelf which may exift in fubftances ac- 
tually cold to the fenfes. . 

Dr. Irvine and Dr. Crawford ufe the term 
abfolute beat for that power or element which, when 
it is prefent to a certain degree, excites in all 
animals the fenfation of heat : in this fenfe abfolute 
heat, and the element of fire, have the fame. {i ie 
fication. Fire, as having a relation to the effeéts 
it produces, and by which it is known and mea- 
fured, is called by Dr. Crawford relative heat. . 


Genera Ipeas 0g Fire. 


The great Boerhaave maintained that fire was 
a fluid univerfally diffufed, and equally prefent.in 
the frozen regions as in a glafs-houfe furnace; only 
in the latter it is put in action, and rendered more 
evident to our fenfes ; if brought into action it’s 
exiftence would be as demonftrable in the coldeft 
part of the world as in the furnace ; all bodies 
contain it: it is in the earth we inhabit and the food 
which nourifhes us; we ourfelves are filled with 
it. Although it is capable of deftroying and con- 
fuming all things; yet as it is incapable of com- 
buftion without another fubftance, it is fo far from’ 
being prejudicial to us, that it forms an effential 
part of our animal life: it conftitutes a portion of : 
"the fluid we breathe, the only part which contri- 
butes to fupport animal heat. 

The far greater part of modern philofophers 
coincide in this refpect with Boerhaave: to enu- 
merate their names would be to fill pages; fuffice 
it therefore to name a few: Jones, Lavoifier, 
Black, Crawford, De Luc, Piéet, De -Sauffure. 
Hear Mr. Lavoifier fpeak for himfelf: « I confider 
our earth,” fays he, “ as every where furrounded 
by a very fubtil fluid, which penetrates without 
exception all the bodies which compofe it.” This 
, : Pa fluid 
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fluid he calls caloric, we call it fire: it tends al- 
ways to put itfelf in equilibrium in all bodics ; 
but it does not penetrate all with equal facility. 
Laftly, this fluid is fometimes in a ftate of liberty, 
Yometimes in a fixed form, and combined with 
bodies. 

This opinion on the exiftence of fire is far 
from being new; it is that of the greateft number 
of ancient philofophers: “ I fhall, therefore,” 
fays he, “ difpenfe with relating the facts on 
which it is founded; but if I fhew that it always 
accords with the phenomena, and that it explains 
every thing that ‘happens in philofophical and 
chemical experiments, it will be almoft giving 
demonftration to opinion. Indeed this opinion 
f{eems too conformable to the courfe of facts, and 
the fimplicity of nature, to be confidered only as 
an hypothefis.”’ 


PENETRATION OF FIRE. 


Fire penetrates all bodies, even the hardeft, 
being equalled therein only by the magnetic fluid ; 
every thing around and about you confirms this 
‘truth; it may be eafily alfo illuftrated by experi- 
ment: cover this thermometer (which I have al- 
ready told you is an inftrument to meafure the de- 
rets of heat) with glafs; apply any heated fub-_ 
ance to the outfide of the glafs, and it will raife 
the fluid in the thermometer: the fame will take 
place if it be inclofed by a metallic cafe, or a cafe 
of any materials whatfoever: this could not 
happen unlefs fire penetrated through the ma~ 
terials, 

A thermometer fufpended in an exhaufted re- 
ceiver will fhew the fame degree as one in the 
open air; for the fire which is diffufed through 
the atmofphere, is alfo diffufed through what we 
call a vacuum, Sir Ifaac Newton had, indeed, 

long 
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long ago fhewn that heat was conveyed by a mes 
dium more fubtil than common air; becaufe two 
thermometers, one placed in the vacuum of an 
air-pump, and the other in the open air, but at 
an equal diftance from the fire, will thew an equal 
degree of heat nearly at the fame time. Had he 
purfued this thought, he would have, no doubt, 
concluded that fire is prefent in all places, and - 
that it is as active where there is no terreftrial 

matter as where it abounded, , 


Tenpency or Fire To an Equizrprium. 


One of the moft conftant characters of fire is 
a continual tendency to equilibrium, or to flow 
from a warmer to a colder body; to iffue from 
thofe parts where it is leaft refifted, till the refift. 
ance becomes uniform ; communicating the fuper- 
abundant fire to all furrounding bodies, titl they 
attain the fame temperature. In this point of view 
fire feems to be reftrained only by itfelf. To ob- 
ferve the fluuation of fire from one body to an~ 
other, till they all acquire the fame temperature, 
place in a room where the fun does not fhine a 
variety of fubftances; as wood, feathers, iron, &c. 
of different temperatures: let a thermometer be 
applied clofe to each of them, and the fireinthe - 
hotteft will diffufe itfelf among thofe that are. 

‘ heated to a lefs degree ; and it’s fluctuation from * 
one to another will be evident by the thermo~ 
metcr, till they all acquire the temperature of the 
room : this is, among many other phenomena, one 
that cannot be conceived without admitting fire 
to be a fluid, paffing from one body to the other 
ull it is equally diffufed. 


P3 Or 
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Or tHe DisTRIBUTION OF FIRE, AND OF THE SUB= 
STANCES WHICH conDucT Heart. 


It does not appear that different degrees of 
fire can penetrate all bodies with equal forces in 
equal times; or, in other words, the power of 
tranfmitting heat is different in different bodies ; 
forhe conducting it more readily than others: thus, 
if you hold one end of this metallic rod in your 
hand, and put the other in the fire, it will foon 
become too hot to hold, though it is three feet 
long; but one end of this glafs rod, which is con- 
fiderably fhorter, may be held without any incon- 
venience, while the other end is red-hot and melt- 
ing. Again, here are feveral metallic rods, each of 
which is covered with a thin coat of wax: I plunge 
the ends of thefe into melted lead, and you per- 
ceive that the coat of wax melts fooner on fome 
than on others; which proves that fome metals 
tranfmit fire more readily than others: in more 
general terms, ‘ho/e bodies, whofe temperatures are 
Sooneft altered, are faid to be the bef? condudtors of 
jie. 

The difference in the fpaces of time in which 
fire penetrates different bodies, and finally ac- 
quiring the fame temperature, may depend on their 
peculiar powers or faculty of retaining fire; this 
faculty has been called their capacity. The greater” 
this power is in any body, the greater the quantity 
of fire that will be accumulated therein before the 
equilibrium refulting from that accumulation takes 
place ; or, in other words, before it can exert the 
fame expanfive force outwards ; confequently when 
this equilibrium is attained, though there may be 
an equal expanfive force exerted, and therefore an 
equal degree of heat indicated by the thermome- 
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To illuftrate this principle, let us plunge into 
a bafon of water at the fame inftant a pound of 
dried fpunge, a pound of blotting-paper, and a 
pound of fome porous wood: at the expiration 
of a certain time thefe fubftances will be equally 
wet, and will have imbibed all the water they are 
capable of retaining. The blotting-paper, as be-° 
ing the moft permcable by the water, will be the 
firft penetrated thereby; it will not penetrate the’ 
fpunge fo foon: r1ft, Becaufe it is not fo permeable 
by water as the blotting-paper: 2dly, Becaufe it 
has a greater capacity of imbibing water, and will 
confequently require more time to be faturated 
than the paper: laftly, The wood will require a 
longer time to be fully moiftened, although it has. 
lefs capacity, being lefs permeable to water than 
the other two fubftances. 

When you take them out of the water, they 
will be apparently wetted in the fame degree, as 
well externally as internally; but they will contain 
very unequal quantities of water. The circum- 
ftances are nearly the fame with refpect to fub- 
ftances of equal maffes, and different natures 
plunged in an atmofphere of fire. 

If we could apply an hygrometer to thofe 
fubftances the moment they were taken out of the 
water, it would indicate nothing more than that 
they were equally humid; but would leave us ig- 
norant of the quantities of water they contained. 
In like manner the thermometer applied to dif- 
ferent fubftances heated to the fame dégree, will 
only. thew that the fire has an equal expantive force. 
in each of them, but would give us no information 
as to the abfolute or relative quantities of fire: 
which produce this expanfion. ; 

You will find heat greatly retarded by cork, 
and ftill more by feathers and wool, and other foft 
fpungy fubftances; perhaps, becanfe there is lefs. 
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contact of parts. Flannel, and feather-beds are 
confidered as warm, but they have no heat; for 
they keep bodies (as ice, 8c.) cool better than 
other fubftances : they hinder heat from evaporat- 
ing, as their interftices are filled with air; being 
flow either in tranfmitting or parting with fire ; 
they are proper for preferving and retaining the 
heat of our bodies, and thus keeping us warm. 
Snow being of a foft fpungy texture, keeps the 
ground warmer than the freezing point; but this 
. ds warm, compared with the intenfe cold felt in. 
feveral climates, frequently 32° below froft. Now, 
the freezing point is as much warmer than this, as 
the weather in our fummer is than that of froft: 
it is common in Siberia to fee the thermometer 
150° below the point of congelation. 

Fluids convey fire very faft; air cools bodies 
very faft: this may depend upon the expanfibility 
which air undergoes from fire, which occafions a 
continual change of it’s particles: thus if you 
¢xpofe a hot body to the air to cool, the air in 
contact therewith expands and becomes lighter, 
and is confequently driven upwards; and thus 
there is # conftant acceffion of frefh air to the 
body. If you place the body between the funthine 
and the wall, you will fee the air rifing like an un- 
dulating vapour upon the wall: you fee it, be» 
caufe the vapour turns thofe rays of light afide - 
which pafs through it; and confequently the wall 
is Icfs itluminated in thofe parts than the reft; 
and you therefore perceive the fhadow for the fame 
reafon that you fee the fhadow of fmoke. This 
caufes objects, when viewed through the rarified 
air of a heated field, to feem to change place, and 
tremble when the fun fhines upon it. 

It is owing to this evaporation upwards thar 
dron or any other fubftance will heat a body held 
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is placed under a receiver, the bottom is hotteft, 
as being neareft in contact: hence the cold ob-~ 
ferved at fea upon approaching mountains of ice ; 
the cold air being condenfed falls down the fides 
of the ice, and floats along the furface of the fea. 
When a veffel of water is placed over @ fire, the 
lower parts of the water are expanded and ret- 
dered lighter thereby, and of courfe are driven to 
the top by the weightier and colder parts which 
defcend to the bottom, and thus there is a conti- 
nual circulation from the under to the upper part 
of the veffel. : 

From the nature of fluids deep lakes of wa~ 
ter feldom freeze in winter. The cold air, by - 
rufhing over the furface, will render the top 
weightier, which will fink, and it’s place be fup- 
plicd with a warmer portion from below, which 
in it’s turn will alfo be cooled: and the air has 
the whole heat of the water to carry away, which 
is often not done during a whole winter.- Hence, 
the remarkable temperature upon the ocean, 
and upon iflands, when compared with continents 
in the fame degree of latitude. 

From Sir Bexarin Thompfon’s experiments 
it appears, that of the different fubftances ufed in 
clothing, hare’s-fur and eider-down are the warm- 
eft: after thefe come beaver’s-fur, raw filk, fheep’s- 
wool, cotton-wool; and laftly, lint, or the fcrap- 
ings of fine linen. He alfo found that the air 
which occupies the interftices of bodies, made ufe 
of for covering, acts a very important part in the 
operation of confining heat, which is ftill further 
affifted by the finenefs and equal diftribution of the 
fubftances made ufe of to form a covering for that 
purpofe. ; 

In furs the air interpofed among it’s particles 
s046 ePRoaced there aemat en he Amcne kata be ehe 
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not being eafily di/p/aced, it becomes a barrier to 
defend the animal body from the external cold. 

Hence it appears why thofe fkins are warmeft 

which have the fineft, longeft, and thickeft furs; 

and how the furs of the beaver, otter, and other 

Fike quadrepeds which live much in water, and the 

feathers of water-fowls, are capable of confining 
the heat of thofe animals in winter, notwithftand- 

. ing the coldnefs and conducting power of the water 
in which they fwim. 

Bears, hares, and other animals, inhabitants 
of cold climates, which do not often take water, 
have their fur much thicker upon their backs than 
their bellies. As the heated air would more na- 
turally rife upwards, and efcape from the back, 
Providence wifely guarded againft this evil by in- 
creafing the obftructions in thofe parts, and thereby 
confining it to the body of the animal. 

The fnows which cover the furface of the 
earth in winter in high latitudes, are doubtlefs de- 
figned by an aLL-pRovipent Crearor as a gars 

‘ment to defend it againft the piercing winds from 
the polar regions, which prevail during the cold 
feafon. 

Thefe winds, notwithftanding the vaft tracts 
of continent they pafs over, retain their fharpnefs 
as long as the ground they go over is covered with 
fnow ; and it is not till they meet with the ocean, 
that they acquire that heat which the fnow pre- 
vents their obtaining from the earth, to take off 
the edge of their coldnefs. : 
: There is no property of fire more generally 
known, or better underftood, than it’s. difpofition 
to pafs from one body to another. If, as | have 
obferved to you, a thoufand dificrent inanimate 
bodies be brought together in a place where there 
is no pofitive caufe ef heat, the heat will immedi- 
ately begin to flow from the hotter to the colder 

bodies, 
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bodies, till all become of one temperature, or till 
there is what fome philofophers call an equilibrium 
of hear. 

But this is by no means the cafe with re[pe@ to 
animated matter; for, whatever be the degree of 
heat peculiar to individual animals, they’ preferve 
it ftable and unchanged in every temperature, pro~ 
vided that it be not altogether incompatible with 
life or health. Thus we find that the human body 
is not only capable of fupporting, in certain cir- 
cumftances, without any material changes, a degree 
of heat in which the thermometer rifes confidera- 
bly above the degree of boiling water ;* but like- 
wife that it maintains it’s ufual temperature, whilft 
the furrounding medium is feveral degrees below 
the point of congelation. ' 

It is etn evident that animals neither 
receive their heat from the bodies around them, 
nor fuffer, from the influence of external circum- 
ftances, any material alterations in that heat which 
is peculiar to their nature. This general fact-is 
further elucidated and evinced by many late, accu- 
rate, and well-authenticated obfervations; which 
fhew that the degree of heat, in the fame genus or 
{pecies of the more perfect animals, continues very 
uniformly the fame, whether they be environed 
by mountains of fnow in the neighbourhood of 
the pole, or expofed to a vertical fun in the fultry 
regions of the torrid zone, : 

The ftability and uniformity of animal heat, 
under fuch a difparity of external circumftances, 
and fo vaft a latitude in the temperature of the 
ambient air, leave no room to doubt that the living 
body is furnifhed. with a peculiar mechanifm, or 
power of generating, fupporting, and regulating 
it’s own temperature; and that this is fo adapted 
to the circumftances of it’s ceconomy, or depen- 


dent 
* Phil. Tranf. vol. lxv. 
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dent, upon them, that whatever be the heat of the 
atmofphere, it will have very little influence either 
in diminifhing or increafing that of the animal. 


Or tue DiLaTaTion oF Boptes By Fire. 


Fire never ceafes to be fluid, unlefs when ina 
ftate of combination with other bodies ; it is alfo 
a principal caufe of the fluid ftate of other bodies, 
Fire, when agitated with that motion which is 
manifefted by heat, always aéts as if it wanted more 
yoom; and this in fuch a wonderful manner, as if 
every particle was a radiant point or center. 

The particles of a folid body, when heated to 
a certain degree, recede from each other: allow 
it to cool, the particles will approach, each in the 
fame proportion in which they receded; and the 
body will return to it’s former ftate by the fame 
degrees of expanfion, by which in the firft.inftance 
it was extended. : 

This expanfion of bodies by fire may be 
deemed univerfal ; there feems f{carce any excep- 
tion, but in thofe bodies whofe parts are brought 
nearer together, becaufe a fluid contained within 
them is driven out. 

The firft change that happens to any body 
when expofed to the action of fire, is the rari- 
fa@ion of it’s whole mafs, and an augmentation of 
it’s bulk. 

Before I proceed, it will be neceffary to notice 
adiftin@ion of fire into two ftates, liberated and 
combined, to be more fully confidered hereafter. 
Liberated fire is that we are now concerned with; 
for by this ftate is meant fire in action, producing 
the fenfation of heat in animal bodies, and dilating 
the dimenfions of all fubftances ; hence it is alfa 
often called manifefied, or thermometric fire. 

The intenfity of heat is meafured by the quan- 
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cannot determine the’ quantity, we can eftimate 
it’s action on bodies by the degree of their difa- 
xation. 

This dilatation is the moft general indication 
of the prefence of fire. To appreciate this-phi- 
lofophers ufe inftruments called thermometers ; 4% 
which a fubftance is always employed, whofe: ves 


jume augments as proportionably as poffible tothe 


increafe of heat. The conftruction of thele ia. 
ftruments will be the fubject of future difcuffion x 
it is fufficient to inform you at prefent, that by the 
rife of a fluid in a tube, we obtain a meafure fuk. 
ficiently exact, of the increafe or diminution of 
active fire. Leaving thefe, 1 proceed to confider 
the expanfion of metals. - 

Metallic fubftances, with whofe *hardnefs'and 
tenacity you are well acquainted, are expanded and 
rarified by heat in all their dimenfions: let us Tay 
this rod of iron, which is fix inches long, in the 
fire till it begins to grow red, and you will ther 
find it to be about sth of an inch longer than 
it was before; that is, about 120th part of the 
whole. That the metal is proportionably ex- * 
panded in breadth, you will fee by trying to pais 
it through thts aperture, which it fitted exactly 
when cold, but which will not admit it now 35% 

heated. ‘This is one of the reafons why clocks 
"vary when carried into a hotter or colder climate; 
for the times of the vibrations of pendulums are 
always in the fub-duplicate ratio of their lengths‘; 
and as the length is changed by heat and cold, the 
times of vibration will be alfo changed: the quan~ 
tity of alteration, when confidered in a fingle vi-~ 
bration, is exceeding fmall; but when the vibra- 
tions are often repeated, will be very fenfible. An 
alteration of one hundred thoufandth part in the 
time of a fingle vibration, will make a oo 

oO 
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of nearly one whole vibration in twenty-four 
hours. 

Different metals lengthen differently with 

. the fame degree of heat : thofe inftruments, there- 

fore, whofe parts are to maintain a conftant pro- 
portion, fhould never be framed of different me- 
tals. It is from this unequal expanfion, that a 
harpfichord is deranged by a change in tempe- 
yature. 

To difcover the minuteft changes: in expan- 
fion, and the relative proportions thereof, an in- 
ftrument has been conftructed called a pyrometer. 


Or Pyrometers, 


Among the various machines that have been 
invented for this purpofe, that contrived by Mr. 
Smeaton appears to be the moft perfect: it’s ac- 
curacy is.confirmed by obfervations made with 
other inftruments ; it is founded on the follawing 
iprinciples : 

- 1. The quantity of expanfion being in pro- 
portion to the length of the bar, the longer the 
bar, the more fenfible the expanfion. 

2. The fcale on which the alterations are 
meafured, ought to be fo large, ‘as thar the {malleft 
alteration may be vifible. 

The materials of which the meafuring 
parts of the inftrument are made, fhould fuffer - 
no expanfion during the experiment, or the degree 
of expanfion produced in them fhould be known 
and accounted for; becaufe the expanfion of the 
inftrument, fuppofing the bar to be meafured does 
not expand, will produce the fame appearance as 
the expanfion of the bar, fuppéfing the inftrument 
not to expand. 

4. All bodies continuing to expand, in pro- 
portion as the heat applicd to them is increafed, it 

: is 
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is neceffary to afcertain the degree of heat applied, 
in order to determine the comparative expanfion 
of different metals. And, 


s. The meafuring parts of the inftrument ought’ 


to be fo large, as that the quantities of the meafured 
expanfion may be known in real meafure. 

The inftrument jg. 1 and 2, pl. §,) is fo cone 
ftructed as to receive a bar two feet four inches long, 
and might be made capable of receiving bars of a 
much greater length of fome kinds of materials, 
but not of others, on account of their flexibility ; 
even with a degree of heat not exceeding boiling 
water. : roy 
"Fhe meafures are determined by the conta@& 
of a piece of metal with the point’ of a.microme- 
ter-fcrew. The obfervation is beft judged: of by the 
hearing, rather than that of the Sight or feelings 
by this method it has been found practicable to re= 
peat the fame meafurement feveral times, without 
differing from itfelf above zedesth, part of an 
inch, The degree of fenfibility attained by this 
method is fuperior to any thing that can be don 
by fight or feeling. ~y 

As no fubftance has hitherto been difcover 
that is perfectly free from expanfion by heat, :the 
bar which makes the bafis of the inftrument fufees 
the fame degree of heat as the bar to be meafured; 
confequently the meafures taken by the microme- 
ter are the differences of their expanfion. 

The expanfion then of the bafis between two 
given degrees of heat being once found, the abfo~ 
Jute expantion of any other body, by adding or 
fubtracting the difference to or from the expanfion 


of the baits, according as the body to be meafured. 


expands more or lefs than the bafis, will be de- 
termined. ; 
When the inftrument is made ufe of, it is im- 
merged, together with the bar to be meafured, in a 
: ciftern 


* 
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ciftern of water; which water, by means of lamps 

. underneath, is made to receive an intended degree 
of heat, not excecding that of boiling; and thereby 
communicates the fame degree of heat to the in- 
Rtrument, to the bar, and to a mercurial thermo- 
meter immerged thercin, for the purpofe of afcer- 
taining the degree. 

All that remained was to find tha abfolute 
expanfion of the bafis between any two given de- 
grees of heat, not greater than that of. boiling 
water, which is thus effected. 

For this purpofe, tet there be prepared a bar 
of ftrait-grained white deal or cedar; which it is 
well known are much lefs expanfible by heat than 
any metal hitherto difcovered: let the bar be 
adapted to the inftrument, in hke manner as the 
other bars intended to be meafured; but that the 
foftnefs of the wood may not hinder the juftnefs 
of it’s bearings, let it’s ends be guarded witha bit 
of brafs let into the wood at the points of con- 
tad, to prevent, as much as may be, the moifture 

. or fteam of the water from affecting the wood: 
‘Wet it firft be well varnithed ; and then, being 
wrapped round with coarfe flax from end to end, 
this will in a great meafure imbibe the vapour be-~ 
fore it arrives at the wood: let the ciftern alfo be 
fo contrived, that the inftrument being fupported 
at a proper height therein, the bar to be meafured 
* may, upon occafion, be above the cover, while the 
bafis remains in the water; thus will the cover 
alfo be a defence againft the moifture. Let the 
water in the ciftern be now brought to it’s lower 
degree. of heat, (fuppofe at or near the freezing 
point,) the bafis having continued long enough in 
the water to receive the fame degree of heat; and 
the wooden bar having been previoufly kept in an 
adjacent room, not fubject to fudden alterations of 
temperature by fire, or other caufes; let the bar be 


applied 
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applied to the inftrument, and the degrees of the 
micrometer and the thermometer read off and fet 
down: let the wooden bar be then reftored to it’s 
former place, till the water is heated to the greater 


degree intended (fuppofe at or near that of boiling - 


water;) the lid being now fhut down, and the 


chinks ftopped with coarfe flax, to prevent the 


iffuing of the fteam as much as poffible, let the 
wooden bar be again brought forth, applied to the 
inftrument, and the degrees of the micrometer and 
thermometer read off as before: the difference of 
degrees of the micrometer corrcfponding to the 
difference of degreés of the thermometer, will ex= 
prefs the expantion of the bafis between thofe dea 
grees of heat; that is, upon the fuppofition that 
the wooden bar was of the fame length at the time 


of taking the fecond meafure, as at the firftr ins. - 


deed, a meafure can hardly be taken without any 
lofs of time, as the whole of the inftrument, when 
the hot meafure is to be taken, is confiderably 
hotter than the wooden bar ; and, in cafe of boil= 
ing water, the fteam being very repellent and aca 
tive, the bar is liable to be fenfibly affeed in it’s 
length, before the meafure can be taken both by 
heat and moifture, which both tend to expand the. 
bar ; but as the quantity is fmall, and capable off 
being nearly afcertained, a wooden bar thus apa 


plied, will anfwer the fame end as if it was unals . 


terable by heat or moifture. ; 
In order, thereforé, to know the quantity of 

this alteration, let the time elapfed between the 
firft approach of the bar to the inftrument,: and 
the taking of the meafure, be obferved by a: 
fecond-watch, or otherwife: after another equal 
interval of time, let a fecond meafure. be taken ; 
and after a third interval, a third anda fourth : 
the three differences of thefe four meafures, will 
be found nearly to tally with three terms of a geo-~ 
Vor. L, 2 metrical” 
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metrical progreffion, from which the preceding 
term may be known, and will be the correction; 
which, if applied to the meafure firft taken, re- 
duces it to what it would have been, if the 
wooden bar had not expanded during the taking 
thereof. 

From a few obfervations of this kind, care- 
fully repeated, the expantion of the bafis may be 
fertled; and this once done, the making experi- 
ments upon other bars will become very cafy and 
compendious, 

The bar of brafs which compofes the hafis is 
an inch broad by half an inch thick, and ftands 
edgewife upwards: onc end is continued of the 
fame picce at right angles, to the height of three 
inches and an half, and makes a firm fupport for 
the end of the bar to be experimented; and the 
other end acts upon the middle of a lever of the 
fecond kind, whofe fulcrum is in the bafis; there- 
fore, the motion of the extremity of the lever is 
double the difference between the expanfion of the 
bar and the bafis. This upper part of the lever 
rifes above the lid of the ciftern, fo that it and the 
micrometer-fcrew are at all times clear of the 

rater: the top of the lever is furnifhed with an 

pendage called the feeler ; it is the extremity of 
this piece which comes in contact with the micro- 
meter-ferew.. The conftruction and application 
hereof will better appear from: the draught than 
from many words: it hence appears that, having 
the length of the lever from it’s fulcrum to the 
point of fufpenfion of the feeler, the diftance be- 
tween the fulcrum and the point of contact with 
the bar, the inches and parts that correfpond to a 
certain number of threads of the micrometer, and 
the number of divifions in the circumference of 
the indexeplate, the fraction of an inch expreffid 


y-gne dintGor’ of the plate may be deduced; thofe - 
yo a } } 


Wiig Gear ¥ follow ; Vrom 
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: : Inches. 
From the fulcrum of the lever to the feeler 5.875 
From the fulcrum to the plate of contact 2.895 


Length of 70 threads of the fcrew - 2.455 
Divitions in the circumference of the index- 
plate = 100 


Hence the value of one divifion will be the 
- srks part of an inch; but if the fcrew be altered; 
one-fourth of one of thefe divifions, when the con= 
tact between the {crew and feeler is well adjufted; 
the difference of contact will be very perceivable 
to the flighteft obferver; and confequently #rsth 
part of an inch is perceivable in this inftrument: 
There is one thing ftill remains to be fpoke of; 
and that‘is, the verification of the micrometer= 
f{crew, which is the only part of this inftrument 
that requires exactnefs in the execution ; and how 
difficult thefe are to make perfectly good; is wel 
known to every perfon of experience in thefe mat- 
ters; that is, that the threads of the fcrew may 
not only be equidiftant’ in different places, but 
that the threads fhall be equally inclined to the axis 
in every part of the circumference. 

As nearly the fame part of the fcrew is made 
ufe of in thefe experiments, the latter circumftance 
is what principafly needs inquiry: for this pur 
pofe, let a thin flip pf fteel or other metal be pre- 
‘pared, whofe thicknefs is about one-eighth of the 
diftance of the threads: let the edges of this thin ~ 
plate be cut into fuch a fhape as exadtly to fit into 
the fixed notch, in which one end of the bar is laid: 
ler a fcrew pafs through the ftandard of brafs on 
which that notch is fupported, in fuch a manner; 
that the end of the bar to be meafured, that is 
fartheft from the lever, may take it’s bearing 
againft the point (or rather the fmall hemifphe- 
rical end) of this ferew: let one of the brafs bars 
ufed in the other ee be applied to the 

2 : . imtrumens, 
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inftrument, and a meafure taken; then let the thin 
plate be put in between the end of the bar, and 
the point of the ferew laft-mentioned, and again 
take the mcafure; but firft obferve that the plate is 
put down to the notch, fo that the fame place of 
the plate may always agree with the point of the 
ferew; and confequently no error may arife from 
a different thicknefs in different places of the 
plate: obferve alfo, that the whole comes to a true 
bearing; then advance the fame ferew till the mi- 
crometer-ferew is pufhed backward one-fourth of 
a revolution; again repeat the meafure with and 
without the thin plate; again advance the former 
{crew, fo as to make that of the micrometer recede 
another quarter of a turn, and repeat the meafures 
with and without the thin plate. This method 
being purfued as far as neceffary, it is evident, that- 
the thicknefs of the plate being always the fame, 
if the difference of meafures taken with and with- 
out it, are not always the fame in the different 
parts of a revolution of the micrometer-ferew, that 
this {crew is not equiangular; but from the dif- 
ferences of the meafures’correfponding to the 
thicknefs of the fame plates in the different parts 
ofa revolution, the errors thereof may be nearly 
affigned. For greater certainty in this ¢xamina- 
‘tion, left the heat of the obferver’s body fhould af-_ 
feét the bar or inftrument during the obfervation, 
let the whole be immerged in the ciftern of water, 
which ought to ftand a fufficient time before the 
ebfervation is begun, to acquire the fame tempe- 
rature as the air, which alfo ought to be ina 


fettled flate. 


Defeription. 
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Defeription of Mr. Fohn Smeaton’s New 


Pyrometer. 


Piatt 5. fig. I. ABCD is the main bar or 
bafis of the inftrument. 

EF is the bar to be meafured, lying in two 
notches; one fixed to the upright ftandard AB; 
the other to the principal lever HI. Yhe end E 
of the bar EF bears againft the point of 

G, a fcrew, of ufe in examining the micro- 
meter-{crew. 

The other end of the bar F bears againft a 
{mall fpherically protuberant bit of hard metal, 
fixed at the fame height as G, in the principal le- 
ver HE. 

K is an arbor fixed in the bafis which receives: 
at cach end the points of the fcrews H, L, upon 
which the lever HL turns, and ferves as a fulcrum 
thereto. 

O is a flender fpring to keep the lever ina 
bearing ftate againft the bars and 

Pisa check, to prevent the lever from falling 
forward, when the bar is taken out. 

N is the feeler, fomething in the fhape of aT 
fufpended, and moveable up and down upon the 
points of che fcrews I, M, which, as well as L, H, 

* are fo well adjuited as to leave the motion free; but 
without fhahiig. 
* Ris the handle of the feel 
a loofe joint at R; fo that laying hold of the knob, 
the feeler is moved up and down, without Leing 
affected by the irregular preffure ef the hand. 

The extremity, S, of the feeler, is alfa fur- 
nifhed with a bit of protuberant hard metal, to - 
render it’s contact with the point of the microme- 
ter-fcrew the more perfect. 


O3 T is 






cr, moveable upon 
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“"T is the micrometer-{crew. 
V is the divided index-plate; and 
W isa knob for the handle. 
' The micrometer-fcrew paffes through twa 
folid {crewed holes at D and Y. 
"The piece YZ is made a little fpringy, and 
endeavours to pull the ferew backwards from the 
hole at D; and of confequence keeps the micro- 
meter-{crew conftantly bearing againft it’s threads 
the fame way, and thereby renders the motion 
thereof perfectly fteady and gentle. 
; X is the index, having divifions upon it, an- 
fwering to the turns of the fcrew. ‘This piece 
. points out the divifions of the plate, as the face of 
the plate points out the divifions upon the index. 
’ When the inftrument is ufed, lay hold of the. 
knob of the feeler with one hand, and, moving the 
fecler up and down, with the other move forward 
the {crew T, till it’s point come in contact with the 
feeler; then with the plate and index, V and X, 
fhew the'turns and parts. ~~ : 
| Fig. IL. reprefents the inftrument immerged 
jn.a ciftérn of water, ready for ufe. ‘ 
AB is the ciftern, C the cover, which, when 
the inftrument is raifed upon blocks, goes on be~ 
’ tween.the bar EF, and the bafis BC, fig. I. 
D is a handle to take off the cover,when 
hot. ‘ * . Eat 
' Ea mercurial. thermometer, whofe ball is in 
the water. id ; - 
‘Fa cock to let out the water. 

GH is a hollow piece of tin, which fupports. 
feven fpirit lamps, which are raifed higher, or let 
down lower, by the fcrews I and.K, in order to give 
the water a proper degree of heat, fhewn by the 
; thermometer E. ; ES pane 


A Table 
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A Tasxe of the Expaxsion of Merats, ~ 


Sbewing how much a foot in length of each grows 
fonger by an increafe of heat corref{ponding to 
180 degrees of Yahrenhcit’s thermometer, or to 
the difference belween freezing and boiling-water, 
expreffed in fuch paris whereof the unit is equal 
to the 10,0001h part of an inch, 


1. White glafs barometer tube - 10a 
2. Martial regulus of antimony - 139 
3. Bliftord fteel - - 138 
4. Hard fteel - - - 147 
5. iron ' - ~ - gr. 
6. Bifmuth = = - 167 
7. Copper hammered 204 
8. Copper, 8 parts mixed with one of tin - 218 
g. Caft brafs - - - 225 
10. Brafs, 16 parts, with tin 1 - 229 
11. Brafs wire - - ~ 232 
12. Speculum metal 232 
13. Spelter folder, viz. lead 2 ‘parts, Zinc I 247. 
14. Fine pewter - - 274, 
rg. Grain tin - - - 298 © 
16. Soft folder, vz. lead 2 parts, tin 1 301 
17. Zinc’8 parts, with tin 1,a little hammered 323 = 
18. Lead = oa 4 ee . 344° 
1g. Zinc, or fpelter : 353 
29. Zinc, hammered half at an inch per - foot 373 
Ov tue Power exerted By Fire IN EXPANDING 


Metats, &c, 


If you eenaes for a moment the vaft weight 
which may .be fufpended from a bar of brafs or 
iron, in a vertical pofition, without feparating - 
the parts of the metal; that is, without overcom- 

*e» ing the force with w hich they adhere together; 
you may form fome idea Ze the ¢ great force of fire, 
O4 which 
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- which can fo far relax the texture of iron and brafs, 
that their parts will fa// a/under with the force of 
aes alone. To render this force evident, the 

ev. Mr. Jones contrived this inftrument (jig. 3, 

+ pl. 5,) which is a compound fteel-yard ; where, by 
means of a flender rod of deal, the ipace defcribed 
by the third lever is augmented, and made more 
perceptible ; the motion of the fhort arm is to the 
motion of, or fpace defcribed by, the long arm, as 
-1to 100; fo that five pounds at the end of the long 
arm will compre{s the bar at the end of the fhort 
one, with a force equal to a weight of soo/é. I 
fhall put on a weight of 5/4. at the end of the 
Jong arm, and apply the flame of this farthing 
candle to the bar acting on thé end of the fhorter 
arm: you fee plainly, by the motion.of the index, 
that the expanding power of fire in this fmalk 
compafs is equal to soa/d. ‘and there is no doubt 
but that the flame of this candle would overcome 
a weight of 5000/4. with the fame eafe, if the parts 
of the inftrument would bear the ftrefs neceflary 
for fuch a trial. 

Fluids are expanded by fire as well as folids ; 
thofe employed in thermometers furnifh us with a_ 

“Tufficient proof of this, as heat can only raife the 
fluid contained, by expanding and dilating the vo- 
lume thereof. I fhall explain the nature of ther- 
mometers in our next Lecture, Fluids expand * 
more or leis, fooner or later, according to their 
nature. 

To give you an ocular demonftration of this 

. expanfiye power, take this glafs globe, with a long 
glafs neck annexed to it; fill it with water up to 
the firft mark on the neck ; then immerge it into. 
a veffel of hot water: you {ce the water mounts up 
into the neck; and will continue rifing as the heat 
of the water increafes; or if you take it out of 
the water, and apply it nearer and nearer to the 
fire, 
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fire, you will find it dilate more and more, in pro- 
portion as you approach ; but upon removing: it 
from the fire the water finks again: a clear proof. , 
that fire dilates it fo as to make it occupy more 
{pace when hot than when cold. : 

It appears that fluids of the leaft denfity ex- 
pand moft with the fame degree of heat: thus in- « 
flammable air dilates more with the fame heat than ° 
common air, common air more than fpirits “of 
wine, fpirit of wine more than linfeed-oil, lin- . 
feed-oil more than water, and water more than: + 
mercury. But if you confider the time neceffary’ * 
for each fluid to acquire the greateft degree of ra~., 
rifaction it is fufceptible of, there igno known-law r 
to guide us. Mercury, though much mere denfe-' 
than water, requires lefs time; while water em- °: 
ploys more time than fpirit of wine, which is lef * 
denfe ; yet water, which is mote denfe than lin- ; 
feed-oil, requires lefs time to attain it’s greateft -. 
degree of rarifaction. Thefe variations depend. on 
caufes which have not yet been unfolded. Meffrs. 
Bucquet and Lavoifier have made a long courfe of ‘ 
experiments on the dilatation of fluids by heat, and. < 
it’s progrefs, without difcovering the caufes of : 
the fingular diverfity they. obferved; and have, # 
therefore, contented themfelves with defcribing ~ 
the facts, without drawing any inferences, ; 


On Congsion. ee: 
Tt will be worth while in this place to cone - 
fider the opinions of a modern philofopher on cow. - 
hefion; they are founded on an experimental in- = 
veftigation of the fubject; and open a field, that, a 
if properly purfued, will throw great light on & 
every phenomenon of nature; they are indeed in. : 
direct oppofition to a feigned attra@tion of cohe- .; 
fion. ‘Ihe experiments that have been ufwally © 
adduced in fupport of this attraction, muft now 
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be given up,.as having no concern with the prin- 
ciple in queftion; bur belonging to the clafs of 
hydroftatical phenomena, not to that of immate- 
rial qualities exerted by the particles of bodies 
themfelves.* 

It is difficult to fay how the attraction of co-+ 
hefion came to be affumed as a principle by thofe 
who contended for experiment, as the bafis of phi-+ 
Jofophy. That there are powers by which cohe- 
tion is produced, no one will deny; but cohefion 
is not a principle fufficiently generalized, to be 
admitted into philofophy; as a caufe of which we 
anay calculate the effects: nor is it underftood in 
that perfect manner which a principle requires. 

General obfervation and matter of fact may 
_ always be oppofed to a thoufand little critical ex- 
periments. You obferve that nature is provided 
with the element-of fire; a material agent, of fuf- 
ficient force and fubtilty to overcome and undo 
the ftrongelt effects afcribed to cohefion: and as 
you alfo know that the defign of the Creator was 
to build rather than to deftroy, more to promote 
an orderly difpofition of bodies, than to caufe their 
@iffolution, you will be led to fuppofe that the 
fame agent acting with fome difference of condi- 
tion and circumftances, 1s able to affect beth the 
pne and the other. 

"The air, for inftgnce, when ftirred into a 
fempcft, will tear an oak-up by the roots; but 
does nor the fame air affift the aak and all other 
frees in their growth? Does it not nourith and 

referve many more than it deftroys? Fire hath, 
is like manner, it’s different offices: that it is the 
reat catholic diflolvent of nature, few will deny; 
and that it can unite ag well as feparate, ought not 

to be doubted, 
Let 


* Jones's PhySological Difquthtigns. 


r 
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Let us confider, it for a moment as a diffole 
vent: the particles of mercury, from their fphe- 
ricity, feem endued with a ftrong attraction; yet 
thefe will ceafe to have any cohefion, and be fepa~ 
rated into vapour by a degree of heat but little 
exceeding that of boiling water. The agency of 
fire, in the fame manner, foon relaxes the cohefion 
of water; a greater degree diffolves the union of 
it's: particles, and raifes them’ aloft in fteam or 
vapour. All other fubftances, folid and fluid, are : 
fubject to.a feparation of their parts by the en- 
trance of fire: the hardeft metals, how clofely fos 
ever theif parts may be connected, are eafily dif- 
folved, and rendered fluid by the heat of a furnace: 
Jf nature be provided, by it’s. Author, with an ele- ~ 
ment of fuch power and activity, as enables it ta 
overcome the ftrongeft cohefions, it cannot be defe . 
titure of an agent pawerful enough to caufe them: 
if it can do the greater, it can certainly do the 
lefs. Fire acting below a certain degree, confo~ 
lidates water into ice; if it adts above that degree 
it keeps it fluid; if to a higher degree, a total fe- 
paration of parts enfue, the effects being anfweras © 
ble in every inftance to the activity and condition 
of a material agent. Two pieces of metal can : 
never be joined fo as to poffefs their peculiar me= 
tallic tenacity, but by the agency of fire. When: 
you thus fee the effects vary, as often as there is any 
change in the element of fire, you are compell 
by all the rules of rea/on and pbhilofophy, to under+ 
fland this element as the immediate cau/e of thofe 
effects, and muft receive it as fuch, till it is des . 
montftrated to be inadequate. © O° 
“The cohcfion of bodies by the action of thig. 
fluid, may be illuftrated and confirmed by fome 
parallel effcéts: here is a ftop-cock faftened to the 
heck of a bladder, that it may be fcrewed on the 


: plate of our air-pump; we will do this, and ex- 


hauft 
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hauft the air from it: this done, turn the ftop-cock 
. ta.prevent the air from re-entering ; take it off 
the pump, and the bladder is, as you faw before 
im one of the preceding Lectures, transformed into 
fwo flat fkins, fo flrongly applied together, that 
you cannot, with all your force, feparate one from 
the other: on the contrary, if you fill the bladder 
with air, and turn the ftop-cock, to prevent it 
‘from getting out, you will find it more difficult to 
‘bring the fides together (if the bladder be not 
auptured in the attempt,) than it was before to fe~ 
arate them. . Now, fuppofing a perfon prefented 
with this fpectacle, unacquainted with the pref- 
fure of the atmofphere, as you were before this 
- courfe of Lectures, what would he have faid, when, 
ae at the fides of the bladder, he found it 
ampoflible to lift up either of them. If acquainted 
with philofophical terms, he might fay, that: na~ 
ature abhors a vacuum ; or he might confider it as 
an undeniable proof of attrac/ion. When the 
bladder is blown up, {uppofing him ftill ignorant 
_ of the fluid within it, he would probably fay that 
the fides repel each other, or that they are elaffic; 
attributing that elafticity to the folid matter of the 
membrane, which is the property of the folid me~ 
. dium within it. You remember our experiments 
_* with the Magdeburgh bemifpheres: you know that 
if the.air be exhaufted from within, there will be 
an excefs of preflure without, which fixes the he~ 
_ amifpheres firmly together; admit the air, and they 
- fall afunder. As every fluid is naturally i in equi» 
_ dbrio with itfelf, the air, when applied to both the 
inner and outer furfaces, will prefs with equal and 
contrary forces, which of courfe, by counteracting, 
ae cach other. 

As the entrance of the air deftroys the ad. 
‘shefion, by reftoring the equilibrium, it is plain 
there yas net an equilibrium before ; the action + 
: from 
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from within muft have been weaker than the a@ion. 
from without : when the former of thefe is made 
equal to the latter, the cohefion ceafes; it is one” 
and the fame fluid that on this oceafion exertifes’ 
the offices of uxiting and feparating the hemif. 
pheres. a 
Let us now pafs from the furfaces: of: the. 
brafs hemifpheres, to the cohefion of brafs: thig, 
when thrown into the furnace, foon grows red. 
and as the heat increafes becomes in a manner: 
tranfparent: the matter of fire penetrates into the 
body of the metal, and when the medium withigt- 
is nearly in the fame condition as the medium ; 
without, there is an end of it?s cohefion. \ -« 
An effect which is thus made to c#aferii 
mechanical way, may be produced in the fame ways 
and if the entrance and extrication of the fire dif: 
folves and feparates the parts of the metal, why” 
“may not the preffure of the fame element be the : 
true caufe of their cohefion ; the fire within com- 
bining itfelf at the fame time with the particles 
of the metal, fo as to have lefs power to exert ity. - 
felf againft this external preffure. If you deny: 
the preffure of the air, you muft have recourfe, t& - 
attraction ar fuction, or an incorporeal agency, ta | 
account for the adhefion of the hemifpheres. 
Allow but the exiftence dnd preffure of clementary* 
fire, the reality of which is manifefted to as many. 
of the bodily fenfes as air, and you need not have 
recourfe to any of thefe things to account for the 
cohefion of the brafs. If any experimentalift can 
exhibit one fingle folitary inftance of a cohering : 
body, where he can prove. the internal and external 
preifures to be equal in all refpects, we will grant 
him in this cafe his attraction, and confefs that this 
effect is not brought to pafs in a phyfical ways - 
and that we underftand no more of the caufe of it’s 
ie CO= 
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cohefion than he has expreffed under that word; 
which is juft nothing at all. 

The effects of heat and cold, as daily exhi- 
bited to our fenfes in the ordinary changes of the 
weather, are fufficient to juftify the foregoing in~ 
ferences. When the weather grows warm, the 
power of cohefion grows weaker: when the wea- 
ther becomes cold, this power is increafed; and 
the hardeft of metals, in common with all other 
bodies, are proportionably altered in their dimen- 
fions. Extreme heat will diffolve them; extreme 
cold will harden and render them fo brittle, that 
large bars of iron may be eafily fnapt afunder, after. 
they have been expoted all night in the open air, 
toa fevere froft. A power of fo fluctuating a na- 
ture, and which is thus increafed and diminifhcd 
with every change of the elements, can be no pro- 
perty of the cohering matter. If the changes of 
the atmofphere are found to make the heights of 
the barometer vary, who can doubt that the preffure 
of the air is the fole and adequate caufe of it’s fuf- 
penfion? And accordingly, if the air be totally re- 
moved from the furface of the ciftern, the mercury 
drops to a level with it: thus alfo, if the degrees 
of denfity in a cohering bédy, vary with the de. 
grees of heat, where fhould we feck but in the 
element of fire for the true and phytical caufe of 
cohefion. 

Every thing points out that cohefion corref+ 
ponds with what we conceive to be acting, when 
a body is diminifhed in volume by lofing it’s power 
of dilatation: it is a power that is always over 
come as to this effect, when the oppofite power, or 
that of dilatation, is increafed. 

The operation of fire is varied according to 
the feveral conditions in which it may be found 
Pitehare San, Ser fp alee ARs & SATA ENT eee Sent aEremoner Erte cee pny 
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matter by which the parts of the body tend to ap 
proach, the operation of the matter oppofed is 
called heat, and diftinguifhed in being that of di- 
latation; therefore, when the volume in certain 
cafes is augmented, the heat of dilatation is the 
proper power by which this change is effected: 
but, when the volume of a body is, on the con- 
trary, diminithed by the influence of another body, 
that is cold, then the proper action of heat in the 
condenfed body, is as much overcome as is that of 
gravitation in the other, which is then dilated. 

Natural bodies may, therefore, be confidered 
as influenced by an agent acting in two different 
modes: in the one, diminifhing the volume-of the 
body ; tn the other, augmenting this volume in di- 
Jatation. The limited extention of the body is 
thus conceived, as confifting in the propcr ballance 
of thofe oppofing agents. 

Hence, as the fixed volume of a body (which 
is not abfolute or real, but apparent,) arifts from, 
the ballance of it’s powers; fo the actual and per- 
ceived changes in the volume of a body, are oc- 
cafioned by the prevalence of one or other of thofe 
powers, according as increafe or diminution of 
volume is the effect; and thus in the one cafe it is 
the dilating power of fire which is manifefted ; 
in the other it is the comprefling action of gravi- 
tation that is to be contidered as the immediate 
caufe ; though the more remote one is the abftrac- 
tion of fire (or that ceffation of it’s action as 
heat, ) which, in common language, is the gpega- 
tion of cold. 

Fire, when acting as heat, is a power acting 
in the oppolite direction to that principle of gra~ 
vitation, by which the union of matter 1s effected: 
thefe, therefore, are the principles by which the 
volumes of bodies are determined, and confe» 
quently preferved. 

Thefe 
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Thefe alfo give rife to the power by which 
elafticity is produced. An external force endea- 
vouring to comprefs a body into a fmaller volume, - 
confpires with the proper action of gravitation, 
and oppofes that of heat: if, therefore, after hav- 
ing diminifhcd the volume of the body by com- 
preflion, the external force is removed, as the pro- 
per powers of the body remain, elafiicity fhould 
appear, by which the natural volume of the body 
is reftored. 


Or TRUE AND FALSE PuiLosopuy. 


Of the various diftinctions which characterize 
philofophy, there are none which deferve fo much 
your attention as thofe which feparate what is 
true from what is falfe: from thefe you will learn, 
that thofe men who affume the naine of philofo- 
phers, to countenance infidelity and licentiouf- 
- nefs, are not lefs enemics to philofophy than to 
divinity. 

The mind of that man who conceives fo 
falfely of the Divine oracles, as to believe that they 
oppofe truc and ufeful learning, has been de~ 
bauched by fophiftical reafonings, cr debafed by 
groveling and unworthy purfuits. Sacred writ 
arms ws, indeed, againft vai philofophy, and all 
the empty fictions of the human imagination, 
which bring forth ncither pleafure nor profit; but 
then it invites you, in the fublimeft ftrains, to 
confider the works of God, whofe counfels and 
perfections, as thcy are difplayed in the creatures, 
will ever be beft underftood by thofe who ftudy 
ibem with humility and attention. : 

_ Learning and philofophy never fhone more 
bright than when they met with faith and religion 
in the mind of the excellent Lord Bacon; whofe 
opinion it was, that the wonderful w orks of God 
do minifier a fingular belp and prefervaiion againft 

‘inpdelity 
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infidelity and error, If there be any philofophers 
fo void of underftanding, as to regard the fcience 
of nature, only as a tower of flate for a proud 
mind to raife itfelf upon; and to efteem themfelves 
licentiates in infidelity, becaufe they make. fome 
figure in philofophy; it may poffibly do. them 
fome good, to look back upon the example of this 
great man, who preferved a mind untainted with 
the pride of herefy and infidelity; and was not 
more to be admired for his extenfive learning and 
experience in the ways of nature, than for his 
theological fkill and penetration into the wifdom 
of the facred writings: « There are,” fays he, 
<* two books, or volumes of Study laid before us: if 
we will be fecured from error, Jirft, the Scriptures ” 
revealing the will of God, and then the creature's 
exprefing bis power, whereof the latter is a key unto 
the former: they are both written by the finger of the 
one eternal God.” : 

In thefe we are taught that the fame God, 
who created the world in wifdom, upbolds it in 
mercy; that in him we live, and move, and have 
our being. If the fun gives us light and warmth, 
it is his fun, which he maketh to rife on the evil 
and the good. If the clouds pour down their 
water upon our fields, to nourifh and bring for- 
ward the fruits of the earth, it is he that fendeth 
‘rain on the juft and unjuft: to him, therefore, the 
bleffings that are difpenfed to us. in the ordinary 
courfe of nature, are to be devoutly afcribed, as to 
the primary fource of all life and motion. This 
conclufion will be equally true, whether God is 
fuppofed to diftribute the benefits of nature from 
his own hand immediately, or by the mediation of 
fecondary caufes of his own appointing; for either 
way the real government of the whole can only 
terminate in himfelf, 

Vor. I. R There 
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There are fome who difpute againft the ope- 
ration of fecond caufes,* as thinking it to derogate 
from the power of God, that he fhould ftand in 
need of their affiftance. But they fhould be told, 
that God did not make the world becaufe he him- 
felf ftood in need of any thing: it was for the 
benefit of his creatures; and with the fame views 
he eftablifhed the operation of fecond caufes, con- 
fulting therein our wants, not his own. 

Man is a compound being, made up of two 
different parts that claim a kindred with two dif- 
ferent worlds, the vifible and invifible. The na- 
tural, or bodily part, muft be fupported by natural 
powers; the fuperior, or fpiritual part, by God, 
who is a fpirit, and whofe powers alone can pof- 
fibly extend to it’s wants. When nature thall 
fink, and the fpiritual world open upon us, God 
‘himfelf will take the place of all inferior caufes. 
A fpiritual interpofition is not wanting in the 
Chrifiian difpenfation ; but then it is calculated 
for the benefit of man’s /pirit, while his body is 
Jeft to the ways of nature. The two kingdoms 
of nature and grace, as two parallel lincs, corref- 
pond to each other, follow a like.courfe, but can 
never be made to touch. An adequate underftanding 
of this diftinction in all it’s branches, would be the 
confummation of human knowledge. 


* & Ceriain it is,” fays Lord Bacon, “that God worketh no- 
thing in nature, but by lecond caufes; and if they would have it 
otherwife believed, it is mere impofture, as it were im favour 
towards God, and nothing elfe but to offer to the Adthor of 
‘Truth the unclean facrifice of a lic.” 


LECTURE 


{ 2930) 


LECTURE VIL 
On Frere. 


EAT and cotp are perceptions of which we 

acquire the ideas from the fenfes: properly 
fpeakiny, thefe ideas only indicate a certain ftate 
in which we find ourfelves independent of any 
exterior objec, - 

But as thefe fenfations are, for the moft part, 
produced by fome of the bodies which furround 
us; and as they are generally accompanied in the 
bodies themfelves by an augmentation or dimi- 
nution of fire, we contider them as caufes; and, 
judging by appearances, we apply the names hot 
and cold to the fubftances themfelves, calling: 
thofe hot, which produce in us the fenfation of 
heat, and thofe cold, which communicate the 
fenfation of cold. Whatever be the nature of that 
quality in bodies which we call heat, we are affured 
it does not refemble the fenfation of heat: it is 
no lefs abfurd to fuppofe a likenefs between the 
fenfation and the quality, than it would be to fup- 
pofe that the pain of the gout refembles a fquare 
oratriangle. The moft unlearned man, if endued 
with common fenfe, never imagines the fenfation 
of heat, or any thing that refembles it, to be in the 
fire; he only imagines that there is fomething in 
the fire which occafions this fenfation: but as the 
name more frequently fignifies this unknown fome- 
thing, than the fenfation occafioned by it, he juftly 
laughs at the philofopher who denies that there ig 
any heat in the fire. The contradiction, however, 
between the philofopher and the vulgar, is more 
' apparent than real, and is Owing to an abufé of 
language on the part of the philofopher, and of 

R2 indiftint 
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indifting notions on the part of the vulgar. The 
philofopher fays there is no heat in fire, meaning 
that the fire has not the fenfation of heat: his 
meaning is juft, but his language is improper ; for 
there is really a quality in fire, of which the pro- 
per name is heat; a name given to it more fre~ 
quently both by the philofopher and the vulgar, 
than to the fenfation of heat: and when he ex- 
plains himfelf, and fays that fire does not feel heat, 
the difficulty vanifhes, and the vulgar will agree 
with him.* 

And further, heat and cold fignify as well our 
fenfations, as the modifications of bodies occafion- 
ing them: therefore, though we fay the fire is 
hot, and makes us hot, we do not mean the fame 
thing by the fame word in both places: thus when 
we talk of fire melting metals, or burning com- 
buftibles by the intenfenefs of it’s heat, we mean 
the«property it has of producing the alterations we 
fee made in thofe bodies; and this we denominate 

‘heat, from that beft known effect we find it have 
upon ourfelves, in raifing a burning fmart in our 
flefh whenever we approach near enough; there- 
fore, thofe who would find fault with us for attri- 
buting heat, &c. to inanimate bodies, are too 
hafty; for by fuch expreffions we do not under- 
ftand the fenfations, but the qualities giving rife 
to them, which qualities really belong to the bo- ° 
‘dies: fo that with your plain neighbours fyou may 
maintain fnow to be white, fire hot, ice cold, 
rofes fweet, poppies ftinking, wormwood bit- 
ter, and the like; and this you may juftly do without 
offence to propriety of fpeech, or to found phi- 
lofophy. 

Our fenfations depend not only on the fub- 
ftances which excite them, but on the seas 

. 0 
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of our bodies at that time; we cannot, therefore, 
conclude the exact identity or fimilarity of the 
caufe from the famenefs of the fenfations, unlefs 
we could be affured our bodies were in the fame 
ftate; if they be not, the fame objec will produce 
very different fenfations : thus, if you plunge your 
hand into luke-warm water, the water will appear 
cold, if your hand be warm; but if your hand be 
cold, the water will appear to be warm, though in 
both cafes it poffeffes the fame temperature. 


Or sensipie Heart. 


Heat and cold are not names of things effen- 
tially different, but only of different degrees of the 
fame thing; that is, of fire in motion. The pe- 
netrating power of fire confidered. as a fenfation, 
or, in other words, fenfible beat, is only the effect 
produced upon our fentient organs, by the motion 
or paflage of fire difengaged from the furrounding 
bodies. When you touch a cold body, fire, which 
always tends to an equilibrium in all bodies, paffes 
from your hand into the body you touch; this lofs 
of fire communicates to us the fenfation of cold. 
The contrary happens when we touch a warm 
body ; the fire then paffing from the body into our 
hand, produces the fenfation of heat; if the hand 
and the body touched be of the fame temperature, 
~or very nearly fo, we receive no impreffion of heat 
or cold: our fenfations are, therefore, both imper- 
fect and deceitful meafures of heat, and. will not 
afcertain the condition of bodies, with refpect to 
heat and cold; hence philofophers have fought for 
fome method by which they determine the tempe- 
rature of bodies with certainty: this they found 
in that property of heat, whereby it expands and 
dilates all bodies, which are confequently contracted 
by lefs degrecs of heat, or what we term cold, 
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Or THsRMOMETERS. 


The thermometer (fig. 4, p/. 5,) is the in+ 
ftrument devifed by fcience, and execuied by art, 
as the moft extenfive and accurate means of infor- 
mation, with refpect to the diffufion of heat among 
bodics. It is perceptibly affected by the dilatation 
of a {mall quantity of fire received, or by the con- 
denfation following upon the feparation of a fimi- 
lar quantity of fire: confequently, when this in- 
ftrument is feverally connected with bodies being 
in a feparate ftate, the diflerent or cqual tempe- 
ratures of thofe bodies may be difcovered by the 
thermometer, according as it fhall either indicate 
diffufion, or no diffufion, of heat on thefe occa~ 
fions. In other words, 

Thermometers are inftruments to meafure the 
degree of heat by the expanfion and contraction 
of different fubftances. Fluids are thofe generally 
ufed, becaufe they dilate more readily than folids. 
Quick/filver is preferred to other fluids, 1. From 
it’s unchangeablenefs: 2. For the regularity of it’s 
expanfion : 3. Becaufe it does not foil the tube. 

A mercurial thermometer confifts, as you fee, 
of a tube of glafs, the end of which is blown into 
a ball or cylinder; theball, and part of the tube, 
is filled with mercury: the expanfion or contrac- 
tion of the mercury is fhewn by the rife and fall- 
of the mercury in the tube, which is meafured by 
‘the fcale affixed thereto. The fmaller the bore or 
diameter of the tube is, the more vifible will be 
the rife of the fluid by a fmall expanfion. It is 
not fufficient, however, to have found a meafure 
of heat; it muft alfo be univerfal; that is, fpeak 
the fame language, and raife the fame ideas in the 
mind in all places, and at all times. To this end 
it is neceflary, 1. That this meafure fhould begin 
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other point be afcertained at fome diftance from 
the former, but cqually fixed and certain: 3. That 
the fpace between thefe two points be divided into 
a given number of degrces, fo that the fcale may 
always have a conftant and known proportion, 

It has been’ clearly proved, by numerous ex- 
periments, that the freezing-point of water, or 
temperature of ice or fhow at the inftant of for- 
mation, or rather when it is beginning to liquify, 
is conftaritly the fame in all places, and at all 
times. The fame may be faid of the boiling-point 
of water, or the temperature at which, under a 
given preffure of the atmofphere, an ebullition 
takes place. If, therefore, the bulb of a thermo- 
metcr be plunged into melting fnow, and after= 
wards into boiling water, and be kept in each till 
it acquires their temperature, and marks are made 
at therefpective heightsthe mercury ftands atonthe 
immerfion in each temperature, two fixed points 
will be obtained. To make this plainer, if you 
put the bulb of a mercurial thermometer inte 
melting fnow, it will fall to a certain point, where 
it will remain till the fnow be melted ; thewing 
you that fnow has always a certain degree of cold- 
nefs, and has the power of reducing mercury to 
the fame degree. In the fame manner, if you 
plunge your thermometer into boiling water, it 
“always rifes to the fame height. While you are in 
health, if you place the bulb of a thermometer in 
the mouth, it will always rife to acertain point. 

In a good thermometer it is neceffary that the 
fpace between the mercury and the fealed end of 
the tube be free from air; if this be effected, the. 
mercury in the tube will run backwards and for- 
wards upon inverting the inftrument. The fcale 
muft be adjufted to the inequalities: of the tube 
the fixed points muft be accurately afcertained. 

R 4 The 
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The thermometers moft in ufe at prefent are 
Fabrenheit’s, Reaumur’s, and Celfus’s. In -Fah- 
renheit’s fcale, the number of degrees between the 
freezing and boiling water point 1s 180; the freez- 
ing point being at 32°, and the boiling point at 
212%: both the numbers are above o, or the point 
from which the degrees are numbered both ways. 
In Reaumur’s fcale the number of dcerees be- 
tween thefe two points is 80, and the freezing point 
is called 0° In Celfius’s thermometer tie in- 
terval is divided into 100, and the freezing point 
is 0°, as in Reaumur’s. To reduce thefe fcales to 
each other, you muft obferve that one degree of 
Fahrenheit’s is equal to four-ninths of a degree of 
Reaumur’s, and to five-ninths of a degree of Cel- 
fius’s: therefore, if you multiply the number of 
degrees below or above the freezing point of Fah. 
renheit’s by 4, and divide the product by g, the 
quotient will be the correfponding number on 
Reaumur’s feale. If the multiplier 5, and the 
divifor 9, be ufed, the quotient will give the de- 
grees of Celfius’s fcale: and, on the contrary, if 
any number of degrees be multiplied by 9, and 
divided by 4, if of Reaumur; by §, if of Celfius; 
the quotient will give the degrees of Fahrenheit, 
either above or below the freezing point, accord~ 
ing to the cafe, 

The dilatations and contractions of the mer-- 
curial thermometer are nearly proportional to the 
quantity of fire, which are communicated to the 
fame homogeneous bodies, or feparated from them, 
as long as they retain the fame form: thus the 
quantity of heat required to raife a body, four de- 
grees in temperature by the thermometer, is nearly 
double that which is required to raife it two de- 
grees; four times that required to raife it one de- 
oree and {f in nronortion. 
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The determination of the correfpondence be~: 
tween, the degrees. of the thermometer, and: the- 
actual variations of the heat of fluids, has been : 
accurately inveftigated by Mr. De Luc: he laid 
it down as a principle, That if equal quantities of 
hot and cold water be mixed together, the difference 
of beat will be equally divided between them: from’ 
whence it was concluded, that a thermometer. ° 
being immerfed in hot water, and alfo in. cold, 
previoutly to the mixture, if the expanfions were.” 
in proportion to the quantities of fire communi- - 
cated, it would point after the mixture to the 
arithmetical mean, or to half the difference of the 
feparate heats added to the lefs, or fubtraGed from. . 
the greater. Thus, a quantity of water at 45655" 
being mixed with an equal quantity at 200.75, the 
thermometer indicated fomewhat lefs than. the 
arithmetical mean; the deviation was not -more y 
than two degrees below that point. ‘The experi- 
ment was repeated at different temperatures with 
a fimilar refult ; from whence M. De Luc inferred 
that the mercurial thermometer is nearly an accu~ 
rate meafure of heat. The experiments from 
which this fundamental principle is derived, have 
been examined with peculiar care and accuracy by . 
Dr. Crawford; who ftill found that the expanfions 
of the mercury in the thermometer, are corref-” 
pondent with the heat it receives; and that it is, 
therefore, an accurate meafure of heat. 

When the thermometer is rifing, it thews that 
fire is entering into the furrounding bodies: the 
thermometer, which is one of thefe, receives it’s 
thare in proportion to it’s mafs, and the capacity 
it has for containing fire. The change, there- 
fore, which takes place in the thermometer, an- 

nounces 


* We always mean Fahrenheit's feale, unlefs when otherwife 
noticed, 
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nounces a ftate of action, and probably a change 
_ of ‘place in the fire contained in the furrounding 
ites, and of which itfelf forms one part: it 
Indicates the portion received ; but is not a mea- 
fure of the whole quantity difengaged, difplaced, 
or abforbed. We cannot deduce with accuracy 
from it the fire which efcapes from living bodies, 
or determine with precifion the temperature of any 
fabftance; for the feale of the thermometer is a 
 feale of expanfion, not of heat. 

As it is effential to conccive clearly what is 
really indicated by the thermometer, let us fuppofe 
a thermometer ina veffel full of water: now both 
the water and the thermometer contain fire, and 
this has a tendency to quit both. If this force be 
equal in each, the mercury will neither rife nor 
fall on plunging the inftrument into the water, be- 
caufe fire has the fame degree of expanfibility in 
each; and the thermometer fhews, by the degree 
on it’s fcale, the ¢emperature of the fluid. 

If the expantive force of the fire in the water, 
or it’s tendency to quit the water, be greater than 
that of the fire in the thermometer, it will pafs 
into the thermometer, and expand the mercury till 
the fire in each has the fame force; fo that the 
mercury will in this cafe alfo indicate the tem- 
perature of the fluid. If the tenfion of the fire 
be Iefs in the water than in the thermometer, 
the excefs will be communicated by the ther- 
mometer to the water until they have acquired 
an equilibrium; the thermometer will defcend 
as the fire abandons it, and ceafe to defcend when 
the expanfive force is cqual in each; fo that in 
this cafe alfo it indicates the temperature of the 
‘water. * 

But this expanfive action of fire depends on 

twa 
* Sce Pidct on Fire. 


Narurg anv Properrizs or Fire, gx" 


two caufes: the degree of it’s accumulation, or 

abjolute denfity, and on the faculty of the fub-: 
flance in which it is accumulated, to reftrain or 
retain it, which is often called it’s Specific beats 

the expanfibility is in the direé& ratio of the dena 

fity, and inverfe of the fpecific heat. From what. 

has been faid, I hope it {till appears more evident, 
that thermometers do not teach us any thing con~ 

cerning the abfolute, or even relative quantity: off 
fire that is contained in bodies : They only indicate... 
the tranflations or iransfufions of the igneous fluid s 

and fubdivide into nearly equal aliquots, a certain: 
portion of the entire fcale of heat. 


Or Larent Fire, anp sprcretc Hear. 


Let us fuppofe a point, or focus, from whence: 
there iffues a conftant and uniform emanation of-* 
fire; and that at equal diftances, round it feveral. 
fubftances of the fame nature and fize be placed ; 
thefe will all be penetrated by the igneous emana— 
tion, and their temperature will rife by equal dew 
grees, and will ceafe to rife when the fire within 
thall have acquired an expanfive force equal to that 
of the emaning fire: but if the fubftances, 
though of equal mafs or weight, are of a different 
nature; as, for inftance, a pound of water, a pound 
of glafs, a pound of mercury, &c. the fire will pe- 
netrate them all, and they will all finally acquire 
the fame temperature, but in different {paces of 
time, and by diffimilar degrees. This may depend 
on two caufes not eafily feparable: the different 
permeability of thefe fubftances to the matter of 
fire, or to their faculty of conducting heat, in vir- 
tue of which a longer or fhorter time is required 
to penetrate their texture. The greater their fa- 
culty of containing or retaining liberated heat, the 
more will they permit the accumulation thereof, 
before an equilibrium in the expanfive force takes 

place; 
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place ; confequently you cannot infer that this 
equilibrium. is occafioned by equal accumulations 
of fire. 

If an hygrometer be applied to different fub- 
ftances, as blotting paper, fpunge, and wood, the 
moment they are taken out of the water, it 
might fhew us that they were equally wet, but 
would leave us altogether ignorant of the quan- 
tities’ of water they contained: in like manner, 
the thermometer applied to fubftances heated to 
the fame degree, will fhew that the fire has an 
equal expanfibility in each; but it teaches us no- 
thing as to the abfolute or relative quantities of 
fire which produce this tendency: but you may 
obtain the relative quantities of water in the three 
fubftances, ‘by drying them to the fame degree in 
an apparatus proper to felect feparately the water 
which will. abandon them. So you may likewife 
obtain the relative quantities of fire contained by 
the various fubftances heated to the fame thermo- 
metric degree, if you cool them to the fame de- 

ree in an apparatus proper to receive and meafure 
Heasatcls the quantity of fire which abandons 
them during their refrigeration: this may be ef- 
fected either by means of mixture, or by the ap- 

aratus contrived by Mefirs. Lavoifier and De La 

lace. This reafoning, as well as the experiments 
on which it is founded, are clear proofs of the ma- 
teriality of fire. 

Fire, confidered in this point of view, as ac- 
cumulating ina greater or lefs quantity in fub- 
ftances of different natures, but of equal maffes, 
and in which it acquires the fame expanfive force, 
is often termed /pecific heat: it is the relation of 
the quantities of fire neceffary to raife different 
fubftances of equal maffes to the fame tempera+ 


ture. 
Ta 
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: To difcover the quantity of fire. contained ix 
bodies, Meffrs, Lavoifier and De La Place invented. 
a fimple, but admirable inftrument, to which: they 
have given the name of calorimeter, or apparatus 
for meafuring the relative quantities ‘of fire coms 
tained in bodies; it is founded upon the folloning. 
principles, 1. That if any body be. celed 4 
freezing point, and then expofed to,an atega 
of 88.25, it will be heated gradually from the: 
face inwards, till at laft it acquires the fame t 
perature with the furrounding air;. 2, That if: 
piece of ice be placed in the fame fituation, the 
circumftances are quite different; it does’ gor- 
proach in the fmalleft degree towards’: 
rature of the circumambient air, but.reg i 
ftantly at 32° (or the temperature of melting tee): 
till the laft portion of ice be completely melted.: 
in other words, That ice abforbs all the fire commin 
nicated to it, without communicating it to other. 
bodies, until the whole be melted s and confequently, 
that we may calculate the degrees of heat comma 
nicated by the quantity of ice which is melted, ab 
This phenomenon is thus explained: To mett 
ice, or reduce it into water, it muft be combined 
with a certain portion of fire: the whole quantity 
firft communicated, is fixed at the furface of the 
external layer of ice; this it diffolves, combini 
with it to form water; the next quantity combines 
with the fecond layer, and forms it into water ; 
and fo on fucceflively, till the whole ice is diffolved 
and converted into water by being combined with 
fire; the laft atam {till remaining at it’s former 
temperature, becaufe the fire never penetrates fo 
far, as long as any intermediate ice remains to be 
melted. ey 
Upon thefe principles, if you imagine a hol- 
low fphere of ice at 32°, placed in an atmofphere 
of 54 5°, and containing a fubftance at any de- 
gree 
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gree of temperature above freezing, it will follow, 
i. That the heat of the external atmofphere can- 
not penetrate into the internal cavity of the fphere 
of ice: 2. That the heat of the fuoftance placed, 
cannot penetrate outwards beyond it, but will be 
ftopped at the internal furface, and continually 
employed in melting fucceffive layers of ice, until 
it’s temperatuye is reduced to 32°, by having all 
the heat above that temperature carried off by the 
ice: 3. If the quantity of water within the {phere 
of ice during the experiment be carefully col- 
lected, the weight of the water will be exactly 
proportional to the quantity of fire loft by the body 
in -paffing from it’s original temperature to that of 
melting ice; it being evident that a double quan- 
tity of fire would have melted’ a double quantity of 
ice; and that the quantity of ice melted is an 
exact meafure of the quantity of fire employed to 

_ produce the effect; and of the quantity loft by the 
only fubftance from which it could be obtained. 
The foregoing fuppofition is only made to explain 
more readily the nature of the experiments and 
apparatus ufed by M. De La Place: an apparatus 
fo contrived, 1. That the ice abforbs all the fire 
difengaged from the bodies under examination : 
2. That the ice is fecured from the action of every 
other fubftance which might facilitate it’s fufion : 
and, 3dly, To collect with care the water produced 
by the fution. 

The apparatus confifts, as you fee, of three 
circular vefiels, nearly infcribed in each other, 
(fig. 12 and 13, p/. 4,) fo that whree vacancies are 
produced. The interior fpace or vacancy is formed 
by an iron grating upon iupports of the fame me- 
tal; here it is that the bodies fubjected to experi- 
ment arc placed. ‘The top of this cavity is clofed 
he wareine ot Paar @ oP taille Tae Hewes 
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interior copartment : this ice is fupported and re- 
tained by a grate, upon which a cloth is fpread ; 
‘in proportion as the ice melts, water flows through 
the grate and the cloth, and is coliccted in a veffel 
placed underneath. Laftly, the external place or 
copartment of the apparatus contains ice, intended 
to prevent the effect of the external heat-of che’ 
atmofphere. Bn : 

To ufe this machine the middle or fecond 
{pace is filled with pounded ice, as is alfo the cover 
of the internal fphere; the fame thing is done with 
regard to the external fpace, as well as to the gee 
neral cover of the whele machine: the interior 
ice is futfered to drain; and when it teat ft0 af, 
ford water, the covering of the internat face is 
raifed to introduce the body, upon which the éx- 
periment is intended to be made: the covering is 
to be put on immediately, and the whole apparatus 
remains untouched until the included bedy has ace 
guired the temperature of 32, or the freezing tem-, 
perature of water, which is the common tempera- 
ture of the internal capacity: the quantity of 
melted water afforded by the melting ice is then 
weighed; and this may be confidered as an accuc 
rate meafure of the heat difengaged from the body, 
becaufe the fufion cf the ice is the effect of this 
heat only. Experiments of this kind laft 15, 18, 
or 20 hours. 

ft is of great confequence, that in this ma- 
chine there fhould be no communication between 
the middle, or fecend, and the external fpace. 

The air of the room fhould not be lower than 
32, becaufe the ice would then receive a degree of 
cold lower than that temperature. 

As fpecific heat is the quantity neceffary to 
raife bodies to the fame number of degrees of 
temperature ; when the fpecific heat of a folid 
body is required, it’s temperature mutt be elevated 

a certain 
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a. certain number of degrees; at which inftant it 
muft be placed in the internal fphere, and there 
left yntil it’s temperature is reduced to 32°: the. 
water is then collected, and this quantity divided 
by the product of the mafs of the body; and the 
mumber of degrees of it’s original temperature 
‘above 32°) will be proportional to it’s fpecific 
heath’ ee5" 

~ “Fluids are inclofed in veffels whofe heat has 
been previowfly determined. The operation is the 
fame ias for folids; excepting that the quantity of 
“water afforded, muft be diminifhed by a deduction 
of that quantity which has been melted by the heat 
of the veffel. 

- Be determine the heat difengaged during the 
combination of different fubftances, they, as well 
as their containing veffels, muft all be reduced to 
32; and then placed in the internal fphere, and 
-the quantity of water collected is the meafure of 
the diten aged heat. 

To determine the heat of combuftion and ref- 
piration, as the renewal of air is indifpenfible in 
thefe two operations, it is neceffary to eftablith a 
‘communi¢ation between the internal part of the 
fphere, and the furrounding atmofphere: to pre- 
vent error, thefe experiments fhould be made when 
the temperature of the air differs very little from 
the freezing point. 

For gaffes, a current muft be eftablifhed 
through the internal part of the fphere, and two 
thermometers are to be ufed; one at the place of 
introduction, and the other at the place of efcape : 
by a comparifon of the temperatures exhibited by 
thefe two inftruments, a judgment is formed of the 
heat abforbed, and the melted ice is meafured. 


Meruops 
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MetuHoDS OF MEASURING GREAT Decraes or 
Heat. wee 


As the degrees of heat can only be appre. 
ciated by it’s effects; and as fluid thermometers 
can only be ufed in temperatures below their point, 
of boiling, various inftruments have beet : 
to eftimate the effects of heat; fome of t it 
been already defcribed : I thall now give. youaa 
account of one contrived by Mr. Wedgewood, for 
afcertaining the meafure of the more intenfe degrees 
of heat. : 

The fubftance he ufes for cys purpofe, confifts 
of three parts of argillaceous éarth addi’ to KO, 
parts of the filiceous kind, which are 
&c. and then dried: this dry clay is foftertd: by; 
adding two-fifths of it’s weight of water; and js 
formed into picces by compreffing it through holes 
of proper dimenfions, in the bottom of a veffel ; 
and when dry thefe pieces are expofed to the fire, . 
and fhew it’s intenfity by the contraétion’ of their 
dimeniions, which are afcertained by a gage made 
of two ftrait pieces of brafs 24 inches long, di- 
vided into inches and tenths: they are fixed on a 
brafs plate, fo as to be fix-tenths of an inch afun- 
der at one end, and three-tenths at the other; fo 
that one end of the pieces, when properly fized, 
juit fills the wider end: if this piece be diminithed 
by heat one-fifth of it’s bulk, it will pafs through 
one-half the length of the gage; if diminifhed 
two-thirds, it will pafs on to the narrower end ; 
and in any intermediate contraétion, the degree at 
which the piece ftops againft the converging fides 
will meafure it’s contraction ; each divifion of the 
feaic anfwering to s$sth part of the breadth of the 
piece of clay. : 
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Experiments by this Thermometer, 
Degrees. 
256 Common Chinefe porcelain becomes foft. 
150 A Heffian crucible melted into a Hag-like 
fubftance. 
130 Caft-iron melts. 
12§ Heat of a common fmith’s forge. 
124 Vitrification of plate-glafs. 
114 Ditto of flint-glafs. 


121 Bow china, ; 
112 Derby china, Yricitea 
105 Chelfea china, 
102 Stone-ware, fixed. 

95 Welding heat of irom. 
86 Queen’s ware, fixed. 

32 Gold, 

28 Silver, 

27 Swedith copper, 
21 Brafs, 

o Red heat vifible in the day. 


melted. 


Dr. Martine, to obferve the quicknefs with 
which bodies heat and cool, put an equal quantity 
of mercury and water into two diftinct phials 
clofely ftopped; and found, upon putting them 
into boiling water, that the mercury received heat 
much fooner than the water, and in greater quan-- 
tity, and loft it much fooner, notwithftandirg it’s 
denfity ; hence the temperature of mercury is more 
cafily raifed than that of water. To know the 
equilibrium of heat among various fubftances, ex- 
periments muft be made upon them; as it varies 
irregularly, and feveral of the metals require lefs 
fire to heat them than water: thus the fame fire 
heats lead twice as much as water; or lead lofes 
and gains as 5 to2; thus heat water and lead to the 
fame point, and then two cubic inches of water 

. will 
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will produce as much heat in cold water, as 5 cu- 
bic inches of heated lead would do in the fame 
quantity of water. Tin and glafs require half the 
quantity, or as 4 to 2: iron requires the fame 
‘quantity as water ; copper fomewhat more: hence 
the intenfe heat of iron ard copper when red-hot, 
On thefe principles Dr. Black had a method ‘of 
eftimating high degrees of heat: for having’ found. 
that iron and water were heated equally by the 
fame degree of heat, he took a piece of red-hot 
iron of a determinate fize, and plunged it into 100 
times it’s bulk of water; and when the whole of 
the heat which was concentrated in the iron, was 
diffufed’ through the water, he ineafured.the heat 
of the water by a thermometer : this multiplied 
by 100, gave the heat of the iron when red-hot, 
Sir Ifaac Newton thought that the progreffion 
with which heat is communicated or foft, is 
geometrical ; Dr. Martine, that it is 4 compound 
of geometrical and arithmetical progreffion. Dr, : 
Black thinks the method of making experiments 
to inveftigate this progreffion, fhould be by ftreams 
of air and water pafling off continually: thus the 
cooling caufe would keep a conftant equal pro- - 
greffion ; but if the cooling medium of air or. wa- 
ter be ftagnant, the cafe is quite changed : on this 
principle depend the phenomena of air, which in 
Rill catm weather feems warmer than in windy 
weather, though by the thermometer we find it the 
fame: in calm weather our bodies make a kind of 
atmofphere of their own, which is warmer than the 
Surrounding atmofphere. Air, when agitated, is not 
thereby made cooler ; yet if you blow with a bellows 
on apiece of ice, it will mele fooner than when not 
blown upon, becaufe you blow away a fanall por- 
hon of air which the ice had cooled round it, 
AAs the methods of making expcriments on 
high degrees of heat are of the utmoft Importance, 
S2 1 thalt 
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- J thall now lay before you the means ufed by the Rev. 
Mr..-Jones for this purpofe. His firft attempt was 
with the inftrument we ufed to exemplify the force 
of fire. To reduce it’s motion fo the ordinary fcale 
of Fahrenheit, this bar (fig. 3, E, p/. 5,) was inclu-- 
ded ina brafs box, and was heated, together with a 
mercurial thermometer, by the application of boiling 
water; and when it appeared, by the index, that 
the bar had. acquired as much heat as the water 
would cotmnicate, the heat of the watcr was. 
marked by the: thermometer. By this means, he 
difcoveted what number of degrees in the gradua- 
ted arch, anfwered to a certain number of degrees 
on Fahrenheit’s feale; as the motion of the index 
was not equable in all parts of the arch; he afcer- 
tained it’s irregularities by the micrometer fcrew 
and plate. 

"Two fabftantial iron heaters were made red- 
hot, and then applied in turn to the bar under ex~ 
amination; and thus the degrees of heat, at which 
the feveral colours appear on the polifhed furfaces 
of drg/s and iron bars, were readily obtained. The 
foregoing method not carrying Mr. Jones fo far as 
he withed to go, he then adopted another mode, 
founded upon this principle, That denfe fluids 
acquire heat fooner than rare ones; water heats 
mercury more and quicker than mercury heats 
water. To render this evident, tet us imimergé 
thefe two thermometers, one made with fpirits, 
the other with mercury: you fee how fuggifh the 
fpirits moved, and how foon the mercury acquired 
it’s greateft degree of expanfion : you Inay render 
this fill more evident by plunging an heated iron 
into an open veffel of mercury: if you agitate the 
heated irofi fuddenly under the mercury, all the 
heat it is capable of recciving is communicated 
almoft inftantaneoufly. 

Mr, 


Natorz ano Propertizs or Fire. 264 


Mr. Jones fuppofes that the heats communicated 
toa given quantity of mercury by.an'immerfion of 
the fame iron differently heated, will be to each 
other as the ortginatheats in the iron itfelf. Toob- 
tain a datum, he firft plunges a picce of iron, with 
a known degree of heat, intoa given quantity of 
mercury, and obferves the degree of heat cammu- 
nicated. Let us fuppofe, fays he, the quantity of 
mercury in an iron veffel to be 2 pounds, the 
heated iron a cylinder weighing 274 grains: this 
‘ cylinder having the heat of boiling water 212° 
plunged into the mercury with a temperature of 
$2°, will communicate to. it ‘ro degrees of heat, 
which is + of that excefs it had acquited: we fay, 
then, that let the excefs of heat in irofbe what it 
will, the heat communicated to the mercury will 
always be <y of that excefs; fo that if we put ¢ for 
the natural temperature ef the mercury, # for the 
communicated heat, and x for the heat required, it 
will be ¢ * 164==%. This method was fo eafly, 
that Mr. Jones preferred it to the former ; with 
which, however, to his great fatisfaction, it agreed 
as far as it extended. In determining the degrees 
this way, it was always taken for granted that the 
heated tron parts with all it’s excefs of heat to the 
mercury, and that the diftribution is fo nearly in-~ 
ftantaneous, that it may be taken for fuch without 
any material error. Some little time will inevita- 
bly be loft, and therefore the heats obtained by this 
anethod of mercurial immerfion, efpecially the greater 
heat near the extremity of the fcale, will always be 
rather wnder than over-rated. 


» A Scars 


n 
ow 
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A Scare or Hear. 

Fahrenheit’s Degrees, 

Tron in fufion about ; —— 3030 , 
Iron with the white f{parkling heat of a 





2780 

















fmith’s forge 

Tron with a heat almoft white 2080 

The heat of live coals without blowing, 
perhaps about. 1650 
Iron with a glowing red by day-light 1600 
Tron juft red-hot by day-light — 1120 
Tron juft red-hot in the dark: — 1000 
Greateft heat of lead in fufion — 820 
Colours of iron are burned off — 800 
Mercury boils, by fome placed at 600; by Jones 700 
Polifhed iron takes a full blue — 700 
Polithed iron takes a purple — - 660 
Linfeed oil beils, by fome at 600 _— 620 
Lead melts — 610 
Polithed iron takes a ftraw colour =—— 605 
Oil of vitriol boils — 546 
Rrafs takes a blue colour —_— 500 
“tin melts — 490 
Tin-foil and bifmuth _— 450 
Brafs takes a copper colour -_— 4ls 
_ Polithed brafs takes a gold colour =. — 340 


Spirit of nitre boils — 242 
Water boils at a mean ftate of theatmofphere 212 




















Frei human urine boils 206 
Brandy boils =< 190 
Alcchol boils 176 
One pound of water of 52°, to $a pound of : 
freth chalk lime 182 


1 oz. of water of 54°, to 4 02. of oil of vitriol 170 
Serum of blood and white of eggs harden 156 








Rees wax melts — 145 
Greateft heat of a bath which the hand can 
well bear ~ 114 


Heat 
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Fahrenheit’s Degrees, 
Heat of the Serocco wind at Palermo in Sicily 112 
Heat of an hen hatching eggs, from g2 to 108 
Heat of the fkin in ducks, geefe, hens, pid- 





: geons, 103 to : 107 
Heat of the human fkin in an ague fever 106 
Heat of the fkin in dogs, cats, fheep, and...’ 

other quadrupeds, 100 to — 
Heat of the human {kin in health —_— 





Heat of a hive of bees : 97 
Heat of the air in the fhade in very hot weather 80 





Butter begins to melt — 74, 
Temperate —_ — 55 
Oil of olives begins to ftiffen ——- 43 


Watcr jutt freezing, or ice juft melting — 32 
Milk freezes jo 
Urine and common vinegar freeze 28 
Good burgundy, claret, and madeira freeze 20 
One part of fpirit of wine, with 3 of brandy, 
freezes ; 9 
xture of fhow and falt —— ° 
Mercury freezes — — 39 


\ refpect to the formation of this table, 
fee Jones’s Phyfiological Difquifitions ; where you 
may alfo zind a method of examining the fcale by 
comparing the articles one with another. * 

Ta the foregoing fale the heat of boiling wa- 
ter in vacuo is placed at 95°; this however will 
depend on the perfection of the vacuum: and other 
circumfances. In the Rev. Mr. Jones’s experi-- 
ments, a heater was placed on the plate of the air- 
pump, and on this a light tin veifel holding the 

4 Water 

























* Mr. Wedgewood places fomé of thefe degrees much higher, 
but I mult own I am not fatished with the clay thermometer, 
and think there muft be further and more fatisfaftory evidence 
adduced, before any one can agree with the degrees of heat de- 
duced from it, 


‘ 
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waterand athermometer. The ebullition in one 
experiment began to appear at go degrees, and as 
the boiling increafed, the thermometer rofe to 105 
degrees, where it ftood when the agitation was . 
moft violent ; the air was admitted during this agi- 
tation, and the thermometer immediately rofe 15 
degrees. In another experiment, fome water heated 
to 130 degrees was placed on the heater, and this 
being covered with a receiver, the air was ex- 
haufted, on which the water boiled vehemently, but 
during the a¢t-of boiling, the heat fubfided to too, 
and at another to 94 degrees, but on admiffion of 
the air, the heat prefently rofe to 130 degrees and 
upwards. 

‘Thefe experiments prove, what has been al- 
ready obferved to you, how much /he aétion of fire 
depends on the reaction or preffion of the incumbent 
aiy, When the air is withdrawn, the fire naturally 
afcending, flows through the liquor in the veffel, as 

‘air would through a tube open at both ends. But 
- if the farther end of this tube were clofed, and the 

current of air ftill to continue, it would be con- 
’ denfed or accumulated within the cavity of the 
tube. Hence we may collect, that the fun would 
heat the earth very inconfiderably, if it were not 
for the incumbent preffure on it’s furface, and that 
therefore it is impoffible to calculate what the 
heat will be in bodies placed at different diflances 
from the folar fire, unlefs we could tell how far air 
acted upon them at the fame time. 

‘TYhe higher we afcend, the lefs is the degree of 
heat, the atmofphere is lefs fufceptible of heat as 
it. is more rarified; as the intenfity of fire will na- 
turally produce the greateft heats, the lower parts 
of the atmofphere ought to be hotter than the 
higher, where fire is lefs preffed, and has more” 
room to dilate itfelf. 

It will be neceffary, before we proceed any 

farther, 
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farther, to make fome obfervations on phyfcal mea~ 
fares. Mott of our philofophigal in ruments are 
meafures of effects. The. progrefg made in natu- 
ral philofophy increafes every day by the number 
of thefe meafures; .by thefe it has reached it’s 
prefent ftate, and by thefe it {till continues.:to. be 
improved. — In proportion as the different Branches 
advance, our mefersave multiplied. Inftead-of be- 
ing fatisfied with perceiving, with conjecturing, 
with forming fyftems, upon what. is improperly 
called the poffible, but which is in reality the and 
of vifions ; we now endeavour to inveftigate caufes 
through their-effects, by meafuring thefe wherever 
nature gives us fufficient hold. oa 

The firft rays of this light, the dawn of true 
knowledge in philofophy, were extremely weak. 
Philofophers contented themfelves with having in- 
ftruments which indicated the exiflence of certain 
canfes that our organs could either not difcover, -or 
difeovered very imperfely. ence the modett 
names given to inftruments by their firft inventors, 
they called only barofcopes, thermofcopes, micro- 
fcopes, the inftruments which were intended to 
thew the weight of the air, the dilatation of bo- 
dies by heat, the objects which efcaped the naked 
eye. : 

Thefe names were too foon changed, and that 
of mcafiures given to inftruments that were not en- 
titled to the name. Philofophers grow every day 
more delicate with refpect to. the requifite quali- 
tics of their inftruments ; the progrefs in perfecting 
thefe meafures, is an effectual ftep towards the 
knowledge of nature. The improvements in the 
meafures, not only lead us to a better knowledge 
of the immediate caufes of the effects thus mea- 
fured, but they affift us alfo in decompofing com. 
plex effects. 

Indeed the greater part of phyfical inftruments 

are 
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are intended only for the difcovery of fimultancous 
effects, by. the knowledge of thofe which are mott 
evident. If we with for an hygrometer, an elec- 
trometer, a photometer, it-is not fo much with a 
view of afcertaining by their.means, the abfolutc 
or even relative quantities of moifture, of the elec- 
tric fluid, or of light, as to. conneg the perceptible 
effects of moifture, electricity, &c. on our meafures, 
with other lefs evident effects intimately connected 
with, or. dependent on them.” ’..: 

The general problem of phyfical meafures is 
complicated. The‘firft object of thefe meafures is 
to afcertain the exiffence and agency of ‘a fimple 

caufe, and it’s degrees of intenfity; this we can 
only arrive at by it’s action on other bodies, but in 
this action or effec :nany otker caufes are included. 
Ve cannot obferve fimple effects sand confequently 
we cannot always conclude from /rnfible effeds 
which are egual amongft themfelves, that the de- 
grecs are equal in the caufe to which they are at- 
tributed. What for example do we ufe in general 
as meafures of heat? The dilatations of various fub- 
flances. What are the meafures by which we de- 
termine the weight of air? The height of the mer- 
euty inthe barometer. But the dilatation of bodies 
by heat, dencnds upon the nature of the fubflance, 
it’s denfity, it’s cohefion, the laws of it’s progref- 
tien by equal augmentations of heat, &c. Thecf- 
fects of the weignt of the air upon the mercury in 
the ey are modified by the different de- 
sof heat in this fluid, by the nature of the va~ 
in which it ts fufpended, by the attraction, 
bye the tion, perhaps by the perine’ abiligy* yw of elals, 
to foine particles of that mixed fluid, to which we 
give the general name of air, or-to other un- 
know 
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known caufes : fo difficult and complex is evén the 
firft ftep of the ladder by which we endeavour to 
raife ourfelves to the knowledge of caufes. ; 


Or Friurpiry, &c. as EXPLAINED BY LATENT Hear. 


I have already obferved to you, that all the 
fubftances in nature are either Solid, fluid, of ia.the 
form of expanfible fluids: that thefe different forms 
depend principally, on the ftate or combination of 
fire inthem, has, I think, been fufficiently proved 
by reafon and experiment ;. but it'will be rendered 
ftillclearer, bya view of modern difcoverics, which 
I fhall now lay before you. . ‘ 

Fluidity is an effect of fire, and takes place 
when the heat is carried to a certain height; ‘and as 
bodies become fluid by the application of fire, fo 
fluids preferve their fluidity, by the fire they con- 
tain. 

In fluidity,. there isa confiderable quantity, of 
difperfive, or expanfive matter introduced into the 
body, while the valume is not thereby increafed. 
This introduced matter aéts in another manner, fo 
us to oppofe the agency which caufes folidity, or 
refift the particular attachment of the parts. : 

Liquifaétion is a loofening the parts of bodies . 
by acertain degree of heat, which parts are fixed ° 
and folid with a lefs degree. It is effected by in- 
troducing fire between the particles, which f{epa- 
rates them from each other, and by it’s activity 
gives thema free motion among themfelves. 

Fire is refident and active in all bodies, and at 
all times ; but in order to render them liquid, it muft 
act with greater or lefs force, according to the na- 
ture of the fubftance. We fay of bodics naturally 
hard, when they become fluid, that they are melted; 
and of bodies naturally fluid, when they become fe- 
id, that they are congealed, or frozen; the effects 

2 are 
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are fimilar in eachcafe, and you will be justified by 
philofophy in confidering a!l water as melted ice, 
and a pig of lead as a mafs of congealed metal. The 
fluidity of water is as real a fufion, as that of any 
metals expofed to the fire, differing only in this, 
that a greater quantity is neceffary for one than the 
other, ; 
i, Liquifadion is.a phenomenon, however, en- 
tirely diftin& from the expax/fion or dilatation of a 
fluid already formed. . This laft circumftance only 
occafions a greatgr or lefs degree of tendency in 
the particles towards each other, and varies with 
_ €very variation in the degrees of heat. Liguifac- 
tion is occafioned by a certain fixed degree. Li- 
wifaction is a real change of flate in the fubftance, 
the degrees of expantfion are only modifications of 
the fame ftate. In expanfion, there is a regular in- 
creafe or decreafe of bulk according to the degrees 
of heat ; whereas, in fluidity, the tranfition from a 
folid to a fluid, or vice verfa, is fudden; and above 
or below a certain degree of heat, a body always re- 
mains folid or fluid. 

As nature is now conftituted, natural bodies, 
and their minuteft parts, may beconfideredas floating 
in an ocean of what the poet calls indefatigable fire ; 
anelement which is moved with the fame vigour 
now as s000 years ago; and the bodies fuftaincd 
therein are hard or foft, folid or fluid, lax or ‘firm, 
rare or denfe, expanded or contraffed, according to 
the changes in the temperature of this clement, 
which keeps up a conftant fyftole and diattole,: 
through the whole frame of nature. If this motion 
of fire were toccafe, univerfal rigidity and flagna- 
tion would enfue; all the qualities of the ancient 
{chools, all the atiraGions and repulfions of later 
philofophers, would be buried in one common 
grave, and fixed with an impenatrable {cal. 

4 Or 
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Or Latent Heat. 


It is impoffible thoroughly to underftand the 
metamorphofis of folids into liquids, and of liquids 
into acriform fluids, without a knowledge of thé . 
doctrine of latent beat. Here you will learn that the - 
Jame fabftance, according as it happeris to:be. in 
any of thefe ftates,* not only poffefles a different 
{pecific heat, but modifies even in the act of paf. 
fing from ohe to the other, the matter of fire ina ° 
very particular manner: 7 

To Dr. Black, the father.of modern’ chemi~ 
ftry, we are indebted for this: difcovery, which f 
shall firft explain in a fimple-form, and then further 
illuftrate it by the reafoning and experiments which: . 
are attributed to Dr. Black. : Bo 

Let us fuppofe a piece of ice cooled until a 
thermometer placed therein ftands at 20° below: 
the freezing point, expofe this ice to a conftant 
emanation of fire, arriving by-very equal degrecs, 
the thermometer. will. rife..véery uniformly till it 
comesto the freezing point, andwill there ftop, al~ 
though the igneous emanation continues the fame; 
and ought apparently to continue raifing the tem-~ 
perature. Oo aes 

This current of fire, which arrives unceaf. 
ingly and by degrees at the ice, has no longer any « 
fenlible effect on the thermometer, for as foon as 
the thermometer is thereby raifed to the freezing”. 
point, the effect of the fire is limited, and it only 
exerts itfelf in making the ice change it’s. fates, by 
converting it into water ; and during ‘the whole of 
this transformation the thermometer remains ftas~ 
tionary at 32 degrees, the freezing point. . 

‘Vhe fire in this cafe lofes, as it were, it’s fa- 
culty of heating; yet the quantity employed, and 
apparently loft in this transformation, is fo ee 

able, 
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able, that if the thermometer under the fame cir- 
cumftances, were placed ina fimilar quantity of 
water inftead of ice, it would have rifen near 120 
degrees. 
As foon as the fufion is completed, if the 
-“fame igncous emanation continues, the thermo- 
meter now actually in water, will be influenced by 
the fire as it arrives, and will* rife fuccefflively ; 
though fomewhat flower than before, becaufe the 
fpecific heat of water is a little greater than that 
of ices ee Ss 

The thérmometer continues to rife till it ar- 
rives at the boiling point, and here again the fame 
phenomena occur. Notwithftanding the conti- 
nuation of the igneous emanation, the'thermome- 
terremainsat 212 degrees, andthe waternow changes 
i’s fate. It is transformed into‘an elaftic fluid, 
and the portion of fire, which, by it’s momentary 
union with the water, effected it’s change, lofes it’s 
thermometric quality ; and an exact equilibrium is 
eftablifhed between the afflux of additional fire, and 
it’s efflux, by the converiion of water :into an elaf- 
tic vapour. 

‘The fire thus modified has been called Jafent. 
It is truly hidden cr latent, but manifefts itfelf 
again, and it’s action is rendered evident, if you 
reverfe the changes; that is, if you convert the 
elaftic Huid into a liquid, and the liquid into a 
folid. 

Dr. Black was the firft who fhewed that 
fluidity, though depending upon fire, did not de- 
pend upon the quantity indicated by the thermo- 
meter, but upon the wforption and combination of 
fire with the fubftance rendered fluid; and the 
quantity thus abforbed, he denominated latent beat, 
as being imperceptible to us, but ready to im- 
merge on proper occafions andaffume a fenfible 

_ form. By fenfele heat, he means the fire which is 
fo 
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fo far in a fluctuating flate, that if you apply any 
fubftance which contains an excels of it, to acooler * 
one, it quits the hotter, and flies to the cooler fuib- 
ilance, foas to reftore an equilibrium. You know 
very well, that as long as a body continues folid, if 
the heat thereof be increafed, it is always per- 
ceptible by the thermometer. But if you fuppofe 
a body heated as much as it can bear, and ftill cons 
tinue folid, then every degree of fire thrown in af. 
terwards is abforbed and becomes latent, or is put 
into fuch a ftate as cannot be ifcovercd by the 
thermometer, but goes tomake the body fluid, and 
as foon asa fufficient quantity is abforbed to make 
every part fluid it will admit of, and manifett @. 
fenfible increafe of heat. It was alfo obferved by 
Dr. Black, that bodies are not difpofed to abforb: 
this latent heat, until they arrive at their melting 
point, nor Huids to part with it until cooled to a- 
certain degree. If after this, they are placed ftilt 
nearer cooler bodies, this latent fire continues im. 
merging, and the body becomes ftill more folid ; 
when the whole is entirely extracted, the body 
freezes. Hence when the latent fire is extracted, 
the body is of the fame temperature with the fur- 
rounding medium, . : 
This luminous doctrine Dr. Black fupported 
by a reference to phenomena, and by well deligned- 
experiments. It is confirmed by contidering the 
flownefs with which ice and fnow melts, when a 
thaw comes on, and when the heat is far above the 
degice of froft ; for the ice is conftantly furrounded 
With sir warmer than itfelf, and receiving heat 
from it, yet it will be weeks in diffolving. “If no- - 
thing more was neceflary to produce Hujdity than: 
the hre indicated by the thermometer, we might 
reafonably expeét that after it begins to melt, one 
or two days would be fulicient to melt the whole. 
Bur, as it is fo long diflolsing; and it’s heat is not 
increafed 
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increafed above the freezing point, nor the waters 
that runs from it above 32 or 33 degrees, it is 
ptain, that the heat or fire to which it is expofed 
muft be abforbed and become latent. It is to this 
caufe you muft attribute the preicrvation of ice in 
ice-houtes, and that large maffes of ice and fnow 
remain atthe tops of mountains, where heat is con- 
fiderably above the freezing point. 

Dr. Black’s experiments will, I think, con- 
vince you, that the fluidity of water muft be attri- 
buted to an. abfaption of fire. To prove this, he 
endeavoured to determine the heat abforbed by ice 
during it’s /iquifudion: this he obtained by obferv- 
ing the quantity of heat which was communicated 
by a mafs of ice during it’s fufion by the tempera- 
ture of the air alone; and then inverfely, by difco- 
vering the quantity of heat, a mafs of ice took from 
a quantity of water, by mixing known quantities of 
ice of a given temperature, and water of a given 
heat together. Thus he took two Florence flaiks of 
equal fhape, fize, and weight, cutting off their necks 
and part of their bulbs, that he might be able to 
introduce a thermometer. In one he put 5 oz. of 
ice, in the other the fame quantity of melted fhow, 
nearly of the fame temperature with the ice. Thofe 
flafks were fufpended by wires in the middle of a 
large room, to which nobody had accefs but him~ 
felf, and whofe temperature was 4¥7 degrees by a 
very fenfiblethermometer, whichaffumedthetempe- 
rature in half a minute ; he found thatin halfanhour 
the mercury in the latter had rifen 6 or 7 degrees, 
only a {mall quantity of ice was melted, and though 
it had received near degrees of heat, yet it conti- 
nued at the freezing point. The flafks were left - 
all nights on returning in the morning, at about 
10 hours and a half from the commencement of 
the experiment, he found a piece of ice undiffolyed 
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as big as a nut in the middle of the furrounding 
water, which, by the thermometer, was 8 degrees 
above the freezing point. as 

From this we may calculate the degree of heat 

‘the ice muft have received before it melted, (reo 
membering that the air was at 47 degrees,) obferv+ 
ing that the ice muft have been receiving heat 
gradually. 

At the end of 10 hours and an half the thawed 
ice was juft at the temperature at which the melted 
{now was at the end of half an hour; the melted 
ice muft therefore have received 7 degrees every 
half hour, fo that in 10 hours and an half it muft 
have received Juft 147 degrees. That the flafk 
Was continually receiving fire from the air, was 
confirmed by a cold ftream being perceived from 
the bottom of the flafk ; this was the air which had 
been applied to the flafk, and had imparted it’s 
fire to it, and, being cooler and denfer. prepon- 
derated. This fhews that the ice was hear 
recciving fire, though not fenfible or manifefte 
by the thermometer, and muft therefore be coma 
bined therewith and become latent fire. 

The doctor having before found that a 
mixture of hot and cold water produced an 
arithmetical mean betseen them, he took a 
determinate quantity of ice, and put it intoa Flo- 
rence flafk, and threw exacily the fame quantity of 
boiling water upon it, which melted the ice ins 
ftantly, and all at once, proving thereby, that 
there is no difficulty of {eparating the particles of 
ice, if a fuflficient quantity of heat be applied, 

But, upon examining the temperature of the mix- 

ture, it was found much lower than if cold water 
about the freezing point had been uled inftead of 
ice; and that it loft the fame quantity of heat, 

147 degrees, which the ice in the former expe. 

riment required to render it fluid ; for in this it fell 
Vo. I. T 68 de- 
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68 degrees below the mean; the ice abforbing fo 
much fire from the boiling water, that the mix- 
ture did not point to the mean as it would have 
done if cold water had been ufed inftead of ice, 
but to that point which fhewed that the ice, in 
order to become fluid, muft be combined with fo 
much fire as would, if liberated, raife the ther- 
mometer 147 degrecs. Thefe two experiments 
differ only in this, that one was made with warm 
air, the other with warm water. Again; if a 
pound of water at 32 degrees be mixed with an 
equal quantity of that fluid at 172 degrees, the tem- 
perature of the mixture will be ro2 degrees, the 
arithmetical mean between the warm water and 
the cold. But if a pound of ice at 32 degrees be 
mixed with a pound of water at 172 degrees, the 
temperature of the mixture will be 32 degrecs. 

It appears clearly from this experiment, that 
ice and water both being at 32 degrees, are very 
differently affected by fire; for, in the firft of the 
two foregoing cxperimeats, a quantity of fire 
which raifed the thermometer 70 degrees, paffed 
from the warm into the cold water, and the tem- 
perature of this was increafed 7o degrees. In the 
laft experiment, a quantity which raifed the ther- 
mometer 140 degrees pafled from the warm water 
into the ice, in confequence of which the ice was 
melted, but it’s fenfible heat was not increafed, the” 
temperature of the mixture being 32: fo that in 
the procefs of liquifaction, or melting the ice, 140 
degrees of the heat are abforbed, not producing any 
eflect upon the thermometer. Thefe experiments, 
and the deductions from them, are further con- 
firmed by fhewing that a quantity of heat emerges 
from water when it pales from a fluid to a folid 
ftate, which can only arife from the latent fre, 

If you expofe water to freeze, putting a ther- 
mometer inco it, the water being 20 degrees 

warmer 
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warmer than the air, it will lofe a great many de- 
grees during the firft five minutes, lefs the next, 
and fo on; in half an hour, if the air be below the 
freezing point, it will have attained the tempe. 
rature of the air, and you would fuppofe that in 
2 or 3 minutes all of it would freeze, which would 
be the cafe if it depended on a diminution of ther 
mometric fire; but it is not the cafe, for you will 
find at firfta fmall part of it freezing, and gradually 
increafing in the congelation: during this time the 
water will continue at 32 degrees, which is per~ 
haps one or two degrees above the temperature of 
the air to which it may be expofed. Now as a4 
colder body, if it be applied toa warmer one, will 
foon become of the fame temperature with the air 
to which it is expofed; wecan only attribute the 
water not becoming of the fame teinperature with 
the air to which it is expofed, to the latent Sire 
emerging and manifefting itfelf as foon as any 
particle of the water freezes; and as foon as this is 
all exhaufted, the mafs becomes folid, and of the 
fame temperature with the air. 

If water be at reft, it may be cooled 71 85 9s 
or 10 degrecs below the freezing point without 
being congealed ; but if touched with a bit. of ice, 
the end ofa wire, or if the vellcl be agitated, the 
congelation pervades it like a Hath of lightning. 

“Mr. Mairan expofed fmall drinking glaflés full of 
water, thefe were cooled below the freezing point, 
and yet would, if left undifturbed, remain fo, but 
upon being agitated. froze immediately. If a ther. 
mometcr were put into the water during the 
freezing, the moment it was frozen, it rofe up to 
the congealing point, a quantity of latent fire 
emerging from the water. Here you feea quantity 
of latent fire emerging fuddenly, and the experi. 
ment fhews that this does not altogether depend on 
the diminution of fentible heat, fince we find the 

T2 water 
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water retains it’s fluidity, though cooled 7 or & 
degrees below the freezing point. 

The fire abforbed by the water when it ac~ 
quires fluidity, is again feparated by congelation. 
If a pound of water at 32 degrees be mixed with 
an equal quantity of ice at 2 degrees, nearly one 
fifth of the water will be frozen, and the tempe- 
rature of the mixture will be 32: it is therefore 
plain that by the congelation of nearly one fifth of 
a pound of water, a fufficient quantity of fire was 
extricated to raife a pound of ice 30 degrees ; and by 
calculation, you will find that the heat which is 
extricated by the congelation of water, is precifely 
equal to that which is abforbed by the melting ice. 

The heat extricated in the freezing of water, 

_ fhews why that fluid, when it is expofed toa de- 
gree of cold Jower than 32 degrees, and is at the 
fame time gently agitated by the wind, ceafes to 
cool as foon as it‘arrives at the freezing point, the 
temperature thereof continuing ftationary until the 
whole is congealed; it being well known that 32 
degrees is the point at which water ina gentle ftate 
of agitation becomes folid. When therefore it is 
reduced to that point, it begins to freeze, and 
part with it’s fire; and as the extrication of fire in 
this inftance depends upon the congelation, it is 
clear that the quantity of fire extricated will be in, 
proportion to the quantity of water congealed. 

"In other words, if when melted it is al- 
lowed to cool flowly with a thermometer immerfed 
in it, you will find that as long as it continues 
fluid, the fenfible heat diminifhes very faft, but as 
foon as it begins to grow folid, the fenfible heat 
continues greater than that of the air to which it 
is expofed; and during all this time it is com- 
municating heat to the air, without having it’s 
fenfible heat diminifhed: the latent fire within the 
fluid gradually manifefts icfelf, and by keepiag 


up 
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up the temperature, proves a fource of fenfible heat 
which is communicated to the neighbouring bodies 
and furrounding air, : 

Dr. Irvine has fhewn, that when fpermaceti 
and wax are melted they contain this latent fire; 
for by heating them much above their point of 
fluidity, he found they loft their heat very feon, till 
fome parts became folid; after this they continued 
of exactly the fame temperature till the whole be. 
came folid, though expofed all the while to cold 
air; but when al! became folid, they cooled as they 
did at firft. Spermaceri abforbed from 141 to 148 
degrees to become fluid, wax 17§. He puta cer- 
tain quantity of melted tin into water, and an . 
equal quantity of tin heated to the fame degree, but 
not fluid, into a like quantity of water, and the 
water was heated moft by the melted tin, the la- © 
tent fire emerging therefrom. 

If the nitrous acid be mixed with ice or fnow, 
there will bé a fudden liquifacion. Mixtures in 
general promote liquifaction, and in this inftance 
a moft intenfe cold is produced, which is eafily ex- 
plained on the foregoing principles: if you liquify 
ice, you muft throw ina prodigious quantity of fire, 
which immediately becomes latent in the liquid, 
and is not difcoverable by a thermometer? By 
producing a fudden liquifaction of ice, the cold is 
fo great, that all the neighbouring bodies muft 
communicate of their fire to fupply that which is 
to become latent by the liquifaction, and thus ge- 
nerate the cold we perceive, ; 

The principle of latent fire explains alfo the 
curious phenomena of artificial cold, produced in 
the mixture of fhow, water, and falt, as every 
body which paffes from the folid to the liquid ftate 
abforbs a quantity of fire which does not affect the 
thermometer; hence cold is produced in the dif- 
folution of all the chryftalized falts. The fire being 

T3 combined 
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combined with the particles to keep the mixture 
fluid, and being only exerted thereon, the mixture 
becomes fenfibly colder. 

Upon thefe principles you may account for the 
large quantities of ice which remain on the furface 
of the earth fome days after a thaw has commenced; 
for though each piece of ice is affected by the 
warmth of the atmofphcre, and the influence of 
the fun, it cannot be immediately melted thereby, 
the ice abforbing gradually all the fire commu- 
nicated to it, till it has received fufficient to 
maintain itfelf in the form of water. In the fame 
manner you fee why the ice in ice-houfes is not 
melted, which it would be, if all the fire which it 
received acted upon it to raife the temperature; 
which it docs not do, being abforbed, to contri- 

‘ “bute to it’s exiftence as water, and lofing there- 
fore it’s diffufive action, 

Dr. Crawford fhews us, that by the laws of 
abforption and extrication of fire, Divine Providence 
has wifely guarded againft very fudden viciffitudes 
of heat and cold upon the furface of the earth. 

For if fire were not extricated by the procefs 
‘of congelation, all the waters which were expofed 
to the influence of the external air, when it’s tem- 
perature was reduced below 32 degrees, would 
fpeedily become folid; and at the moment of con-_ 
gelation, the progrefs of cooling would be as rapid 
as it was before the air arrived at that point. 

But as foon as the atmofphere is cooled below 
32 degrees, water begins to freeze, and at the fame 
time to give out the fire combined with it; and 
confequently whatever may be the degrce of cold 
in the external air, the freezing mafs remains at 

2 degrees, until the whole is extricated and con- 
gealed ; and as the quantity of fire that is liberated 
in the freezing of water is confiderable, the progrefs 
of congelation in large maffes is very low. 

Hence 
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Hence in the northern and fouthern regions; 
upon the approach of winter, a quantity of fire is 
extricated from the waters proportional to the 
degree of cold that prevails in the atmofphere ; 
- thus the feverity of the froft is mitigated, and it’s 

progrefs retarded, And it is highly probable, that 
during the retardation of the cooling procefs, thé 
various tribes of animals and vegetables, which 
inhabit the circum-polar regions, acquire the 
power of refifting it’s influence, 

On the other hand, if on the melting of ice a 
quantity of fire was not abforbed and rendered lefs 
active, that fubftance, when expofed to a medium 
warmer than 32 degrees, would fpeedily become 
fluid, and the progrefs of heating would be as rapid 
as if no alteration in the form had taken place. If 
things were thus conftituted, the vaft maffes of ice 
and {now, which are collected in the frigid zones; 
would, upon the approach of fummer, fuddenly 
diffolve, and the regions near the poles would be 
annually overflowed by violent inundations. 

But by the operation of this law of the ab- 
forption of fire, when the ice and fnow upon the 
return of fpring have arrived at 32 degrees; they 
begin to melt, and at the fame time to-imbibe 
fire, which by being combined with the. water 
does not act externally; fo that the earth is flowly 

“heated, and thofe gradual changes are produced 
which are effential to the prefervation of the ani- 
mal and vegetable kingdoms. 

The mind of man admits with relu@ance the 
truth of every teftimony concerning matters of 
fact, which happen to be repugnant to the uniform 
experience of his fenfes; hence the general back- 
svardnefs to believe the miracles in the Bible: and’ 
hence the Dutchman, who informed the king of 
Szam that water in his country would fometimes in 
cold weather be fo bard, that men walked upon it, 

T4 ~ and 
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and that it would bear anvelephant, was efteemed 
aperfon unworthy of credit. Hitherto,. fays the 
king, I have believed the ftrange things you told 
me, becaufe I looked upon you as a fober man, but 
now I am fure you lie. 
4 Mabine, the native of Borabora, could fcarce~ 
ly be perfiiaded even by the information of his 
fenfes, of the reality of the fame effect. The ap- 
pearances of white flones, as he called hail, which 
melted in his hand, was altogether miraculous to 
him; and when he had been, with difficulty, con- 
vinced that an extenfive field of ice was not com- 
yon land, he was determined, at all events, to call 
it white land to diftinguifh it from the reft.* 

This determination of the favage was made in 
the true fpirit of philofophy, for ice in fmall par-~ 
ticles is a fpecies of earth, and in folid maffes it 
may beconfidered as a fpecies of tranfparent ftone, 
The waters, fays Job, {peaking of the effect of 
froft, are bid as with a flone ; that is; water, when 
it becomes ice, conceals it’s nature by affluming a 
ftone-like hardnefs and confiftence. The Ruffians 
applied ice to the fame purpofes with ftone, at the 
marriage of Prince Gallitzin, in 1739: an houfe, 
confifting of two apartments, was built with large 
blocksof ice; the furniture of the apartments, even 
to the nuptial bed, was made of ice; and the icy 
cannon and mortars, which were fired in honour of - 
the day, performed their office more than once . 
without burfting. 

Having already told you that I confider reli. 
gion as the firmeft and only fupport of the happinefs 
of man, you cannot be furprized that I take every 
opportunity to fix your attention upon objects that 
lead you to it’s Auruor, and confequently the con- 
fideration of final caufes is continually interwoven 
with thefe Lectures. : 

The 
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The arguments for the being and providence 
of the Deity, deduced from the clear marks and 
fignatures of wifdom, power, and goodnefs in the 
conftitution and government of the world, will 
gather ftrength as your knowledge advances, 
When you attend to the marks of good contrivance, 
which appear in the works of God, every difeovery 
you make in the conflitution of the material:and 
intellectual fy flem becomes a hymn of praife to the 


great Creator and Gove 


rnor of the world. 


Though no man ever called in queftion the® 


principle of final caufes 


» when applied’to the ace. 


tions and difcourfes of men; for this would -haye: 
been to deny that we have any means of difeerning ; 
a wife man from an idiot, or aman that is illiterate: 
in the higheft degree, from a man of knowledge” 


or learning; yet in ail 


ages there have been thofe 


who, being unfriendly to religion, have denied-the - 
force of the proof: but you may depend upon it, 


that none will reafon fo 


abfurdly, but the philofo~ 


phers of vanity, in whom the afjettation of wifdons 
Joins the extremity of folly. : te 
Fix upon two or three fubje@s which are clear 


beyond difpute, as that 


the eye does not fee by abe 


cident, but was contrived for feeing, &c,-and you’ 


anf{wer all the atheifts th 


at ever were or will be; for 


you prove, by a fingle ftep of reafoning, that there 
isa Divine Minp or Wispom that hath wrought: 
with a view to certain ends, which it hath attained: 
in the moft perfect manner. 

Leaving thefe men, let me introduce you toa 
philofopher of a neighbouring nation, * who to 


foundnefs of judgment, 
Let us hear him {peak 
Tove, fays he, to enum 


joins ftrength of geniys.. 
on this interefting fubje@, 
erate in my mind the im. 


preffions that I every where find of a beneficent. 


” hand ; 


* M. De Luc’s Lettres Phyfiques et Morales fur l’Hiftoire de 


la Terre, p, 109, 
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hand; I am ignorant how it formed the world, but 
I do not make my happinefs confift, in fatisfying 
curiofity about an object evidently furpafling the 
yeach of human ability. I love to feel, that I am 
niot left to be the fport of blind caufes, without re- 
fource againit the fear of evil, without any cer- 
tainty of the duration of good. . 

The immediate and durable confequence of 
‘each moment of attention on the phenomena of na- 
ture, is infinitely more delightful to my mind, 
than that which I receive by the folution of a phy- 
‘fical problem. It is a pleafure that penetrates to 
the intimate cffence of the foul ; it isa kind of de- 
Jicate love, or rather it is the fupreme degree there- 
of, being excited by the contemplation of that 
Being who is coopnrss and peauty, andwhichtak- 
ing poffeftion of the heart, fills it with gratitude, 
admiration, and hope.—Let us accompany this phi- 
lofopher in his meditations, on a fubject which has 
already made part of this Lecture. I had made, 
fays he, the thermometer my particular ftudy, and 
in the courfe thereof, I endeavoured among the 
fluids in w/e, to find one whofe dilatations are the 
_moft, proportional to the augmentation of beat which 
occafions them. 

This queftion would not have occurred, if the 
dilatation of cach fluid, though different in quan- 
tity, had becn proportional in it’s progrefs. This 
was found clearly not to be the cafe, by compar- 
ing the march of a /pirit thermometer with one of 
quickfilver. The comparifon fhewed that their 
march was fo different, that they could not be 
made to correfpond together, otherwife than by 
making the degrees of the one unequal, while thofe 
of the other were equal. They muft go in an in- 
ereafing progreffion, beginning at the bottom and 
proceeding to the top of the {pirit of wine thermo- 

4 meter, 
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meter, but from the top to the bottom ef that of 

« Alaickfilver, 

" "© As there was a different march in their pro- 
greffion with the fame augmentation of heat, it was 
Clear, that one or the other was not Proportional 
to the augmentation of heat. From hence a doubt’ 
originated, whether there was any fluid which di= 
lated in proportion to the degrees of heat. Ina 
courfe of experiments, to afcertain this point, by 
comparing the march of different fluids with that 
of mercury, I was ftruck, fays our author, with the 
difproportion between the progreffion of water and 
that of other fluids. If you divide into 800 equal 
parts, the augmentation in the bulk of water and 
mercury in paffing from the freezing to the boili 
point, and if you compare the correfponding de= - 
grees of this augmentation in each fluid, you will. 
tind, that from the heat of melting ice to the 
greateft degree of heat which reigns on the furface 
of the earth, when vegetation commences, (which 
1 fuppofe 10 degrees of a thermometer divided in~ 
to 80 parts) the mercury undergoes 100 of thefe d 
800 parts, and the water only 2. That from this: 
point, to that which reigns only in fummer, (that 
I fuppofe to be 25 degrees) the mercury dilated its . 
felf 150 of the 860 parts, water only 71; fo that 
in the great heats of fummer mercury has acquired 
250 of it’s 800 parts of augmentation, water only 
73. Thus water does not affume in it’s dilatations, 
degrees proportional to the augmentation of heat, 
the firft degrees being very fmall when compared 
to the laft. 

This was, without doubt, a very interefting 
phenomenon. Having reflected upon the caufe, 
framed an hypothefis, and endeavoured to verify it 
by an experiment which fucceeded, I received, I 
believe, as much pleafure, as Phryical fpeculation 
ean give. I have publithed the hiftory of this re- 

fearch, 
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fearch, but of the pleafure I received, I have only 
a feeble remembrance. 

Having, however, one day confidered, that 
water isthe fluid the moft generally diffufed in our 
globe, that all fubftances contain it, that it is the 
vehicle of all vegetable and animal nourifhment, 
that it is included inall the veffels thatconvey their 
food ; that in all thefe refpects, if it had beena 
turbulent fluid, rapid in thefe lower dilatations, 
the whole conftitution of things would have been 
overturned: when this occurred, my mind was 
filled with admiration, I felt myfelf in poffeffion of 
areal treafure, and I never think on the fubject but 

_ with the utmoft delight. 

Do not then fufter yourfelves to be deprived of 
thefe delights; the fearch after truth can only be 
falutary to you, when confidered as proceeding from 
a firft intelligent and beneficent caufe: without this 
as an object of purfuit, fhe lofes her moft ftriking 
beauties, all that can intereft curiofity, or animate 
inveftigation. 

When you confider the proceffes in nature, 
from the moft obvious effects to their moft remote 
caufes, fo far as they fall within the fcope of our 
comprehentfion, you find them one produced from 
the other in the moft wonderful and regular fuc- 
ceffion ; that which appears the caufe of one thing 

_ beingthe effect ofanother, andthe wholetogetherand * 
_ eachindividual dependentinthemfelves, incapableof 
producing any thing except as acted upon by others; 
all fpeaking the fame language; AN INCAPACITY, 
an ABSOLUTE INABILITY in themfelves of doing or 
caufing any thing, and pointing you to a caufe, 
diftinct from all, an intelligent, active, powerful 
Being, who employs them for wife and gracious 
purpofes. 
Thus, a little attention to the nature of reli- 
gion, will foon convince you, that infidelity and 
irre= 
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trreligton aftord very few topics, on whicha reflec 
ing mind can dwell with pleafure, even for a mo-~ 
ment. You will find that infidels have not one 
argument on their fide. For with all their pre. 
tences to reafon and wifdom, they can no more 
fhew you, that you are not immortal, than they 
can fhew you what was doing before the creation of 
the world. In fuppofing that the whole of your 
exiftence ends with your body, they are as weil fup- 
ported, as they would be, in fuppofing that there 
are no beings but what are vifible to your eyes. In 
fuppofing that man will never be called to’an ac- 
count, they have no more reafon, than you can have 
for fuppoting that there will be nothing a thoufand 
years hence. 

Yet thefe are the /rong foundations of infidelity 
and prophanenefs ; thefe the folid principles of our 
Soi-difant philofophers and their deluded followers. 

If you inquire the characters of the moft noted 
infidels, you will find them to have been men who 
exceeded their fellow creatures in nothing but ar- 
rogance and prefumption, and that infidelity in ge~ 
neral is founded on an implicit faith inthe writings 
and opinions of men of wanton and fenfual minds. 
Yet thefe are the men who call our faith mean, and 
fubmiffion to revelation flavery, though yielded 

_ only to the higheft evidence on matters of the 
greateft moment. 

Thefe men are very forward to tell you pre- 
cifély what God can or cannot do; he cannot work 
a miracle, cannot give a revelation, cannot guide 
the motions of a free agent, nor make fuch a one. 
impeccable, nor annex rewards to an affent of the 
mind, nor, &c. &c. For all thefe are contrary to 
the nature of things. If you afk what things they 
mean, or what by the nature of them, they will 
not vouchfafe, or rather cannot give an explanation, 
but are angry with you as a captious perfon for put- 
ting the queftion. They ftill, however, goon to 
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laya mighty ftrefs upon thefe words, without having 
any clear or fettled idea of their import. Thefe men 
are feverc upon others for ufing exprefiions they do 
not underitand. But believe me, you will con- 
ftantly find them pretending to build demonftra- 
tions upon principles, whereof they have no clearer, 
nor more adequate ideas, than the vulgar, whom 
they affect to ridicule, have of their myfterics; and 
you will find them a/ways eadeavouring to make a 
conftant repetition of pofitive affertions, pats for proof 
and explanation. 

They with to be confidered as unbelievers, but 
on examination you will find them men of the moft 
refigned and implicit faith. The creed of the in- 
fidel has as many articles as that of the chriftian, 
and the belicf thereof requires a much greater fuf- 
penfion of your reafon. If to believe things upon 
no authority, or without any reafon, be a fign or 
mark of credulity; of all men, the free-thinker 
and infidel will be found to be the moft eafy and 
credulous. The difference between the chriftian 
and the deift, does not confift in this, that the one 
affents to things unknown, and the other does not ; 
butin this, that the chriftian affents to things un. 
known, onthe accountof evidence; the otheraffents 
to things unknown, without any evidence at all. 

RELIGION requires a ferious and wife ufe of 
your reafon, and can only recommend itfelf to you - 
when you are in a difpofition to reafon and think 
foberly, and confider it as the moft ferious, impor- 
tant, and facred fubject in the world. It is not the 
deift’s bufinefs toreafon foberly, and confider the 
weight and moment of things with exactnefs: idle 
ftories, rude jefts, and lewd inuendoes ferve the pur- 
pofe of infidelity, much better than any arguments 
it has yet difcovered. They not only contufe and 
diftract the mind. but thev alfo eratify and envace 
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the attention of immoral men, by affording them 
what they deem an eafy confutation of religion. 

The objections of infidels are weak, and can 
have little force but upon depraved minds, or on 
thofe whofe underftandings are naturally weak, or 
made fo by an. implicit refignation of their facul= 
ties, to writings which can neither improve your 
mind, purify your heart, exalt your virtue, or in- 
creafe your wifdom. P 

To doubt cautioufly, till you have examined 
fully, and retain your affent till you have feen clear 
ly, are proofs of reafon and force ofmind. But to 
doubt without any reafon of doubting, is as great 
a defect as to believe without any reafon of believ— 
ing. Both extremes proceed from an excefs of 
imagination, which difordering the intellectual eye, 
deludes the credulous to fee what is not, and blinds 
the infidel, fo that he devs not fee what is. There ig 
a fundamental maxim clofely connected with thefe 
obfervations, and that cannot be too ftrongly incul- 
cated on your minds; for want of attention thereto, * 
weak reafoners have impofed upon themfelves, 
and deluded others, 7 Zany things may be incompre- 
her file and wet demonfirables and though Seeing clearly 
be a fupicient veafon for afirming, Jet not feeing at 
all can never be a resi, cu for denying. We fee many 
things muft be, but we cannot conceive how they 
arc. We fee the connection between fome truths, 
but not between all; we fee a part, but not the 
whole; we fee fome attributes and modes of things, 
but we do not fee their intimate effence. . Nature 
abounds in myfteries, of which we may have a 
certain knowledge, but no clear conception ; fome 
are too large for imagination to graip, fome too 
minute for it to difcern, others too obicure to be : 
feen diftinctly, and others, though plainly difcerna 
bic in themieives, yer remain inexplicable in the 
manner of production, or appear incompatible with 
one another, 
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LECTURE VIL 
Or Fire. 


S° great is the power, fo extenfive the action, 
and fo wonderful the manner wherein fire 
acts, that it was anciently held and adored as the 
fupreme God by a nation reputed the wifeft of all 
others. Thus fome of the chemifts having found 
it’s extraordinary force, took it for an uncreated 
being, and many among them attributing all the 
knowledge they had acquired to this inftrument, 
called themfelves the philefophers of fire, thinking 
they could not be dignified by a higher title. 

The phenomena of fire are fo fingular, 
and it’s effects are fo aftonifhing, as not eafily 
to admit a comparifon with otherappearances in 
nature ; and if ever underftood, it will be by means 

_of experimental inveftigation. Of this you will 
have a proof in the next fubject of our difcourfe, 
which is on evaporation. 

Heat and cold, fays Lord Bacon, are the very 
bands of nature with which fhe chiefly worketh, 
the one contracting, the other expanding bodies, fo 
as to maintain an ofcillatory motion in all their 
parts. So ferviceable are thefe changes, that they 
are promoted every year, every day, every hour, 
every moment; all things co-operating to this 
work, night and day, light and darknefs, fummer 
and winter. 

That a {mall increafe of heat expands air, and 
thafit is hence incontinual motion, will be proved 
by this fimple inftrument, which at the fame time 
gives you ocular demonftration of the unintermit- 
ting agency of fire on air, by fhewing you that this 


Nature anp Properties or Free. 289 


The inftrument is nothing more than a Flo- 
rence flafk, containing about 2 ounces of fpirit of 
wine, furnifhed with a tube 4 or § feet long, of a 
fmall bore; the lower end of the tube is dipped 

"below the furface of the liquor, but not fo as to 
touch the bottom ; a graduated {cale is annexed to 
the tube. The junéture of the neck is made air 
tight by a collar of metal and hard cement. The 
quantity of air being fo large, and'the tube fo fmall 
and long, you have a curious thermometer, which 
if expoted at an open window will never be at reft, 
fhewing you that the temperature of heat is conti- 
nually changing with every breath of air and paf- 
fing cloud. 


Or Evaporation, 


According as the texture and denfity of fluids 
vary, the paflage of fire through them is more or 
lefs retarded : hence as fire, in efcaping, carries 
off a portion of the fluid with it, fome fluids are 
more difpofed to evaporate, or fly off in vapour, 
than others ; thofe are called volatile, whofe par~ 
ticles fly off with a fmall degree of heat. 

‘This general effect of fire cannot have efcaped 
your notice, as it is obfervable in the moft com- 
mon occurrences of life. You continually fee wa 
ter going off in the form of vapour from a tea-pot, 
a tea-kettle, &c. If you put a fmall quantity of 
water intoa tea-kettle, and place it on the fire, it 
will difappear in a fhort time, having efcaped in 
the form of vapour. This vapour or fteam will, 
upon the addition of more heat, if it be not al- 
lowed it’s proper range, expand with fuch force as 
to burft the veffel in which it is confined. ; 

If the fteam of boiling water beat liberty, the 
watcrnever attains more than acertaindegrecof heat; 
but if it be confined ina clofe veffel, the additional 
fire not efcaping, the elafticity of the Ans ot 
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creafed, it re-a@s upon the water, raifes the 
heat fo much higher, that it may be made to keep 
lead in fufion, and fo penetrating, that it will foften 
in a few minutes the marrow-bonce of an ox. 

The inftrument contrived for the foregoing 
purpofes, (fig. 6, pi. 5,) is called Papin’s digefter, 
from the name of it’s inventor, and from it’s pene- 
trating and diffolving the fubftances that are cx- 
pofed to it’s action. It is a ftrong veffel ufually 
made of copper, and fitted with a thick clofe 
cover, which is fattened down by {everal fcrews, 
fo as to be fteam-tight in great degrees of heat. 
To render it fafe, when ufed, there is om the cover 
a valve to let out the fteam when too violent; this 
valve is kept down by a fteelyard, and a weight 

‘ moveable upon it, to regulate the degrees of 
ftrength of the fteam within. 

The following account of an accident with 
one of thefe inftruments, will give you fome idga 
of the force of fteam: Mr. Papin having fixed all 
things right, andincluded about a pint of waterwith 
two ounces of a marrow bone; he placed the veffel 
horizontally between the bars of the grate, about 
half way into the fire; inthree minutes he found 
ir raifed to a great heat, and perceiving the heat in 
a very fhort time become more raging, he ftepped 
to the fide-table for the iron wherewith he managed 
the digefter, in order to take it out of the fire, 

‘when ona fudden, it burftas if a mufket had gone 
off. A maid that was gonea milking, heard it at 
a confiderable diftance, and the fervants faid it 
fhook the houfe. As he had foretold; the bottom 
of the veffel, that was in the fire, gave way; the 
blaft of the expanded water blew all the coals out 
of the fire over the room, the remainder of the 
veffel flew acrofs the room, and hitting the leaf of 
atable made of inch oak plank, broke it all in 

pieces, 
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"pieces, and rebounded half way of the room bick 
again. He could not perceive the léaft fign of ’ 
water, though he looked carefully for it ; tHe fire 
Was quite extinguifhed, and every coal black in 
- an inftant. : 

If a drop of water be placed on the bottom 
of an cxhaufted receiver, it willfuddenly difappear, 
and be converted into a fubtil vapour, whic will 
fill the veffel, and it’s preffure againit the internal 
furface will be fo ftrong, when heated to a certain 
degree, that it will be almoft impoffible to confine 
it, and it will often burft the veffel with a loud 
explofion. This effect of vapour is fufficiently and 
readily exemplified by the fmall machines called 
candle-balls. This great exparifion of the vapour 
is the true caufe of the danger of throwing watet 
into boiling oils, or upon melted metals, more 
efpecially brafs or copper; the water being a hea- 
vier fluid than the oil, falls to the bottom, where it 
is immediately converted into vapour, and caufes 4 
violent ebullition, A fmall quantity of humidity, 
when mixed with hot metals, will be converted 
into vapour with fuch rapidity as to produce a more 
violent explofion than gunpowder; hence the dan- 
ger in cafting copper or iron veffels; for if the 
fluid metal meets with the feaft moifture, in it’s 
paffage from the furnace to the mould, the watery 
‘particles are inftantly expanded, and throw the 
burning metal to a confiderable diftance. 

If a quantity of water be thrown into an iron 
veffel, heated red-hot, it will run about the veffel 
like quickfilver, but without touching the bottom 
or fides, being converted into vapour, which pre= 
vents it’s coming in contact with the veffel. 

The eolipile, or wind-ball, is an inftrument 
which exhibits ina pleafing manner the generation 
and force of fteam. 

; Us Te 
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It has a long narrow neck, with a {mall aper- 
ture, through which the fteam rufhes with great 
violence in the form of a factitious wind, whiclt 
will blow and brighten a fire, put out 2 candle, 
and feel like a ftrong blaft when received upon the 
hand. ; 

Tt is fometimes placed on a fimall carriage, 
(fg. 5, pl. §,) a cork is thruft into the extremity » 
of the pipe; when the vapour has acquired fufficient 
ftrength to force out the cork, it rufhes out vio- 
lently one way, white the ball and carriage are 
carried the contrary way. 

The ftcam of boiling water is applied as a 
incchanical force to the {team engine, of whofe 
wonderful effects no one can be entirely ignorant. 

Onc of thefe engines was repairing at Chelfca, 
and as the workmen were bufy about it to difcover 
the defeét, the barrel burft on a fudden, and a 
cloud of fteam rufhing out of the fracture, ftruck 
one of the workmen, and killed him in an inftant, 
like a blaft of lightning ; his companions haftened to 
hisaffiftance, but when they endeavoured to take off 
his cloaths, the flefh came off with them from the 
bones. A further account of this engine will be 
given in the procefs of thefe lectures. 

The force of the vapours of fpirit of wine has 
occafioned terrible accidents when the worm has. 
been ftopped, and the head of the ftill abfurdly 
tied down to prevent an explofion. The vapours 
of mercury have burft an iron box, and thofe of 
fal ammoniac, nitrous acid, &c. &c. have all been 
known to burft the chemical veffels which confined 
them, and with fuch force as to endanger thofe 
who ftood near them. In fhort, there is no fub-.° 
ftance whatever capable of being reduced into 2 
ftate of vapour, but what in that ftate is endowed 
with an claftic force capable of becoming fuperior 
te any obftacle we can throw in it’s way. 

Evapo- 
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Evaporation is not confined in it’s ufe toa 
few mechanical engines, but extends to various 
arts; and is alfo one of the great natural procefles 
by which the vegetable kingdom is fupplied with 
the rain neceffary for‘it’s fupport. 

. In chemiftry, this operation is ufed for fepa~ 
rating two fubftances from each other, of which 

“one, at leaft, muft be fluid, and whofe degrees of 
volatility are very different. By this means, you 
may obtain a fait, which has been diffolved in 
Water, in it’s concrete form; by heating, the water 
is combined with fire, and rendered volatile, while 
the particles of falt being heavier and lef volatile 
are left behind, and unite into a folid ftate. As 
during the evaporation the fluid carried off by the 
fire is entirely loft, being facrificed for the fake of 
the fixed fubftance with which it was combined, 
this procefs is only employed where the fluid is of 
{mall value, as water. When the fluid is of more 
value, the chemifts have recourfe to diftillation, in 
which procefs they preferve both the fixed fubftance 
and the volatile fluid, 


Or EsuLtition anp Evaporatton,* 


Ebullition is an accidental phenomenon, de+ 
ending on the air contained in liquids ; for if this 
Be thoroughly expelled, there will be no ebullition. 
You have feen that water, in vacuo, gives out 
a great quantity of airin bubbles; thefeare formed 
inthe midft of the water, increafe in fize, and 
then efcape. When no more bubbles are produced 
by this operation, freth ones may be obtained by 
agtating the water; {till more may be difengaged, 
if ithe heated. , 
The air that is engaged in water, is prevented 
: U3 ; from 


* See “ Lettres de Mr, de Luc,a M. de la Methrie, publithed 
ia the Journal de Phyfigue, for 1799, 1791, 1792,” : 


294 Lectures on Natural Puirosopuy. 


from {eparating the particles thereof, by the pref . 
fure of the atmofphere:. when this preffure is 
removed, thofe particles of air which are moft fa- 
yourably fituated, begin to move with more liberty, 
and by their impact to augment the fpaccs in. 
which they are contained, thus giving room for 
other particles to cifengage themfelves, and form 
fmall bubbles; thefe being unequal in fize, rife 
with different velocities; inrifing they often meet 
and unite, and the fpace they thus conjointly oc- 
capy, is larger than the fum of the feparated fpaces. 
This is the caufe of the firft phenomenon above 
mentioned; for by agitating the water, fpaces are 
formed void of air, into which, other particles of 
this fluid difengaging themfelves from the fides 
of the water furrounding the empty fpace, enter; 
and thus are frefh bubbles of air formed, which 
would not haye been difengaged without this agi- 
tation of the water. Laftly, by a frefh degree of 
heat applied to the water, an expanfible flurd is in- 
troduced therein, that is more fubtil than air, and 
is always in motion in the interftices between the 
particles of water: by feparating thefe, it enables 
thofe of air to difengage themfelves, and thus form 
ymore bubbles thereof, 

Now if all the air that is contained in any 
liquid be expelled, that liquid would never boil, 
neither in vacuo, nor in open air: it would then 
only evaporate at it’s furface; the evaporation 
would qlee be flower, but would ftill be regu- 
lated by the fame laws; and at the fame temperature, 
the vapours arifing therefrom, would be as denfe as 
thofe procured by ebullition from liquids not purged 
of air; for the degree of heat, at which liquids 
boil, is that where the vapour is capable alone 
of fupporting the incumbent preffure, the vapour 
being formed in the bofom of the fluid, as foon as 
there is any folution of continuity. 

; This 
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This reafoning is confirmed by an experiment 
made by Mr. Watt, who conveyed fome water into 
-a barometer tube; the upper part of the tube being 
formed into a ball, and the air being expelled en- 
tirely fromthe water it contained, the ball wasintro- 
* duced into a veffel of fale water; this was gradually 
heated ; the increafe of the heat, the march of the 
water, and the correfponding depreffion of the 
mercury, were carefully noted. 

The moment the fteam or vapour, at the top 
of the inftrument, had attained the boiling heat, 
the mercury in the barometer was depreffed to the 
level of that in the bafon; the vapour in the 
inftrument was therefore then of the fame denfity, | 
as thofe which the water therein would have formed ” 
ifit had boiled ; whereas in the prefent experiment, 
there was no ebullition. In proportion as the falt- 
water was morc heated, the denfity of the vapours 
increafed, and the mercury in the tube fell beneath 
the level of that in the bafon, till at lat it was 
driven entirely out of the tube: there was ftill, 
however, no ebullition, though the heat was many 
degrees above the boiling point. 

The depreffion of the column of mercury, and 
the correfponding augmentation of heat in the 
water, coincided, as nearly as could be expected, 
with the heat affumed in other experiments by 
- boiling water, under different degrees of incumbent 
preffure. 

From this experiment you will naturally infer, 
firft, that eéulliiion is only an accidental pheno- 
menon, arifing from the air inclofed in the liquid, 
Secondly, that with the fame temperature, fimilar 
vapours are detached from water, whether it boils 
or not. Thirdly, that ebullition does not take 
place, until the vapour produced in the liquer-has 
acquired a degree of expanfive force fufficient to 
saite the liquor into bubbles under that preffure, 


U4 It 
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It now remains to be explained how vapour 
is produced in boiling water, and by what means 
the permanent or conftant heat of boiling water 
is prefeNed under the fame preflure. Thefe phe- 
nomena ars eafily explained by experiment, for 
this will fhe you that vapour is formed in the 
midit of water, oy means of the bubbles of air 
that are difengaged therein. Thefe bubbles form ~ 
a folution of continuity into which the vapour en- 
ters, and is then expanded and united with fire; 
hence an evaporation which cools the fluid, and 
preférves it at a certain temperature. 

When the heat is fmall, the vapour that is 

. formed is fo rare, as not to increafe the natural 
effort of the bubbles of air in efcaping; but when 
the heat increafes, the ftcam or vapour that enters 
the bubbles of air, becomes tore denfe, and the 
bubbles are enlarged ; the heat being further aug- 
mented, the fteam contained in the bubbles be- 
comes fuficiently denfe to furmount the preffure of 
the water, it then enlarges the fpace in which it is 
coniiined, and would do this indefinitely, if it 
were prevented efcaping from the furface. M. de 
Luc put into a retort with a long neck, fome 
water, which was fo perfectly freed from air, that 
no bubbles were difengaged till it had attained the 
boiling heat; the retort was held in an inclined 
pofition, to prevent the fteam from efcaping by the - 
neck: inthis pofition, one bubble of air difengaged 
itfelf, and gave rife to fo much fteam, as forced 
out, im one mafs, nearly half the water that was 
contained in the retort; proving that a certain 
degree of neat is neceflary to form fteam fufficient- 
ly denfe to overcome by itfelf the incumbent 
preffure. 

The bubbles of air, and included fteam, are 
formed, and cfeape with lefs heat, when there is 
lefs prefiire on the furface. Thus, when the pref 

“fure 
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fure of the atmofphere is removed, water will boil 
witha heat not exceeding gg degrees, that is, 117 
degrees below the heat required under the ordinary 
prefiure of the atmofphere. 

The greater the preffure, the greater is the 
degree of heat neceflary for cbullition, infomuch 
that in Papin’s digefter, water acquires ‘a degree of 
heat equal to that of metals when red-hot. ; 

As foon as the fteam is formed, and efcapes, 
the water becomes colder, but foon regains it’s 
former heat by frefh fupplies of fire. “The water 
is cooled by the formation of the vapour within it; 
thus the quantity of water is diminifhed, but the | 
heat remains the fame, being neither increafed 
nor diminifhed ; the continued application of fire, 
by converting a greater portion into vapour, is 
carried off, fo that by the evaporation the heat of 
the boiling point is fixed: this is rendered evident. 
by experiment. Thus Mr. de Luc having expelled 
the air from fpirit of wine, found it was capable of 
fuftaining the heat of boiling water ; he thence in- 
ferred, that by expelling the bubbles of air from 
water, he fhould make this fluid fupport a greater 
degree of heat than 212 degrees. He made the 
experiment, and it fucceeded according to his ex- 
pectation ; when all the air was expelled, no vapour 
efcaped, becaufe none of thefe bubbles were formed, 
and the water at the common preffure of the at 
mofphere, fuftained a heat 22 degrees greater than 
that of the common boiling point : hence alfo it ig. 
evident, that {team or vapour can only be formed 
at the free furface of fluids. 14 

Tt was found in the courfe of thefe experiments, 
that whenever the thermometer had rifen ahove 
the boiling point, it immediately fell again to that 
point; the formation and efcape. of frefh bubbles 
as it were cooling it downto that heat. 

Accurarely fpeaking, therefore, the boiling 

. point 
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point is only fixed and certain in the fteam which 
efcapes; for the temperature of the water varies, 
being fometimes above, fometimes below this point, 
but always falls, when higher, immediately on the 
efcape of fteam bubbles. The greater the degree 
of heat that is applied to the water, the more rapid 
-are thefe ofcillations of temperature. The mean 
temperature, however, remains the fame, and the 
-only effect of a greater degree of heat, is to produce 
from the water fteam-bubbics of a conftant tempe- 
rature, in greater ‘number, and with more rapi- 
dity. 

You may from thefe experiments comprehend 
why liquids are cooled by evaporation, as well as 
the nature of evaporation itfeif; the particles of 
fire being very fubtil, penetrate and traverfe all 
bodies continually, in every direction, and under- 
go therein the various modifications already 
defcribed: the permanency of the fame tempe- 
rature in any body, and in the air furrounding it, 
will therefore depend on an equilibrium in the 
fimultaneous paffage of the particles of fire from 
that body into the air, and from the air into that 
body; and this equilibrium exifts, wherever fire 
meets the fame refiftance at coming in and 
going out, as in folid fubftances, or in fluids in- 
clofed in folids. But the cafe is different with 
thofe that have one furface free or expofed, as 
fluids; for here the fire that enters, does not 
compenfate for what goes out; the latter being lefs 
xefifted than the former, the fire paffes out more 
rapidly than it enters, carrying away with it the 
molecules of water, which it meets with at the 
furface. By this means the fluid is rendered cooler 
than the ambient air, and the effect is greater in 
proportion as the molccules of the fluid yield 
more eafily to the impreffion of the particles of 
fire. 

When 
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When the molecules that have been thus de. 
tached from the general mafs, keep ata certain 
difance from each other,. (which diftance is regu- 
lated by the temperature,) they remain united with 
the particles of fire, and vapour is the refult, which 
may be confidered as an expanfible fluid, that ob- 
tains from fire it’s peculiar properties, while, like 
other mixtures, it acquires qualities which are 
not perceivable in the feparated ingredients: but 
if the particles of vapour or fteam are brought 
within the above diftances, they unite and are’ 
Precipitated. 

According to the experiments of Mr. Watt, 
boiling fleam, when the barometer is at 28 inches, 
occupies 1800 times more fpace than the water 
from which it proceeds. This fteam is pure, and . 
it’s peculiar character is to be fufficient of itfelf 
to fupport the preffure of the atmofphere. If you 
increafe the {pace occupied by a given mafs of 
this ftcam, preferving the fame temperature, it 
dilates, and fills this fpace, feeming to have no 
other limits of expanfion than the fpace in which 
it acts; but if you make it occupy a lefs fpace, a 
portion of the fteam or vapour is deftroyed, with~ 
out diminifhing the denfity of what remains: in 
this cafe, a portion of the water is precipitated, and 
a portion of fire difengaged. ‘The liberation of 
fire will retard the deftrudtion of the remaining . 
fteam, unlefs it efcapes through the veffel in which . 
the fteam is confined, ; 

The evaporation of a drop of water at the 
top of a barometer, depreffed the mercurial co. - 
lumn_ halfan inch, when the thermometer was at 
57 degrees; the vapour alone, in this inftance, 
and with this temperature, fupported a column of 
mercury of half an inch. If the column of mer. — 
cury was raifed by adding more mercury at bottom, 
the.depreflion of the barometric column was ftill 
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the fame ; a part of the ftcam was deftroyed, bur 
the refidue preferved the fame denfity till the whole 
-was deftroyed. This experiment agrees with one 
ef Mr. Nairne’s, already mentioned. 

_ ' By confidering what has becn faid, you will 
find that the air has had no concern in the for-~ 
mationwf vapour; for in the experiments with 
boiling water, it is excluded by the fteam itfelf, 
and in experiments made in vacuo, it was ex- 
tracted ; yet in both cafes, the fame phenomena 
take place as where air is prefent. Mefirs. de Luc 
and Sauffure have further proved this. I fhall how- 
ever only relate one more experiment.* A baro- 
meter was placed in a veffel filled with air; the 
vapour contained in this being abforbed by propcr 
falts, a moiftened.rag was placed therein, and then 
the veficl was fealed. The barometer, when in- 
clofed, was at 27 inches, the thermometer about 
64° degrees; the greateft degree of evaporation 
yaifed the baromcter to 274 inches, thus coin~ 
ciding, as nearly as could be expected, with the 
experiments of Mefiys. Nairne and Watt. 

The phenomena of aqueous vapour are therefore 
clearly the Jante in open air as is 9. The den- 
fity of the vapour is the fame every where, and at 
any temperature, provided the particles thereof 
keep at a certain diftance from each other. It is 
equally indifferent whether they be expanded in 
air cr in vacuo, fo that they are not forced by 
preflure wichin this diftance. Now the particles 
Gi. vepaur in vacuo are not. better fecured by the 
fides of the veffe! trom the preflure of the atmo. 
re, than thofé in open air are by the air itfelf 
vwhich they are intermingled, becaufe this air 
t¢ already refifts this preffure. ; 












. A portion of vapour is at any time deftroyed 


by 
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by condenfing the air with which it is intermin< 
gled. It is indeed a general obfervation, that hu~ 
tidity is increafed by condenfing, and diminifhed 
by dilating the air. In the fame manner in vacuo, 
at every temperature humidity increafes, wher 
the particles of vapour approach within a-Certain - 
diftance, and diminifh when they recede further, © 
Thus does every phenomenon prove that thé 
hypothefis of the diffolution of water by air, is vagne}. 
without any folid foundation, unneceffary for the ex+ 
planation of evaporation, and involving every branche 


of philofophy in obfcurity. 
Or tue Latent Frre 1x Steam orn VAvour,; 


Boiling water, when examined by a thermo= 
metcr, is not fenfibly hotter after boiling feverat 
hours than when it began to boil; though to main- 
tain it at that degree of temperature, a brifk fire’ 
mutt be neceffarily kept up. What then becomes 
of this great wafte of fire? It is not in the water, 
nor is it manifefted by the fteam, for upon exa- 
mination, this is rarely found to be hotter than 
boiling water. Dr, Black has proved that this fire 
is abforbed by the vapour, and that what is fo ab— 
forbed, is abfolutely neceffary to the exiftence of 
water in the form of an claftic fuid, but which 
does not increafe it’s temperature. 

The following experiments of Dr. Black-will 
render this fubject very plain to you. Having the 
Opportunity of ufing what is calleda kitchen table, | 
ora large thick plate of caft iron; he’ heated one” 
end thereof red-hot, and placed thereon two flat 
circular iron veffels, 6f about four inches diameter, 
and containing equal quantities of water ; the tem- 
perature of the water was noted when it was placed. 
on the table, when it began to boil, and when it 
Was nearly boiled away. In four minutes it began 

: : to 
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to boil,. and fend forth fteam, and in the fpace of 
20 minutes, the plate being ftill of the fame heat, 
the water was wholly evaporated. At the begin~ 
ning of the experiment, the water wasat 54 degrees; 
in 4 minutes, it rofe 158 degrees, or to the boiling 
point; during ezch of the fucceffive 4 minutes, it 
received the fame quantity of heat; that is, in 20 
minutes, § times 158, or 790 degrees. Ifthe fteam 
had gone off with great velocity, we might have 
faid that it was a fertfible effect of the increafe of 
"heat; but as‘neither the heat of the water is in- 
-“creafed by boiling, nor the fteam fent off with any 
remarkable celerity, we may reafonably conclude 
that the fire is abforbed by the fteam, and becomes 
one of it’s component parts. The furplus heat is 
neither fenfible in the water, nor the fteam; for if 
you apply a thermometer to the fteam, you will 
. not find it hotter than the boiling water. 

This conclufion is further ftrengthened by the 
heat given out by fteam, on it’s being condenfed 
by cold: this is particularly manifeft in the con- 
denfation of this fluid, in the procefs of diftillation; 
where, upon examining the refrigeratory, you will 
find that a much greater quantity of heat is com- 
municated to it, than could poffibly have been 
tranfmitted by the heat which was acting fenfibly 
before the condenfation: this may be ealily afcer- 
tained by obferving the quantity of heat communi- ~ 
cated to the water in the refrigeratory of a ftill, by 
any given quantity of liquid that comes over. Thus, 
if the refrigeratory contains 100 pounds of water, 
and the diftillation be continued till one pound has 
come over, fuppofing the water in the refrigeratory 
to have received 8 degrees of heat; if the whole 
of the quantity thus received, could be thrown 
into one pound of water, the latter would receive 800 
degrees. But that this quantity of heat is received 
by the refrigeratory, has been proved by experi- 

ments; 
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ments; which confequently fhews that water, when. 
converted into vapour, abforbs above 800 degrecs 
of heat. 

Dr. Black put fome water into a ftrong phial, 
having a thermometer. in it, and a ae clofely 
with a cork: this he expofed to a fand heat, and 
brought the thermometer 20 degrees above the 
boiling point; which was eafily effected, as the 
preffure of the fteam on the water, made the fluid. 
capable of greater acceffions of heat. He then.. 
pulled out the cork, fuppofing that the water would 
immediately difappear, by flying out in vapour. 
This did not happen; for upon taking off the me- 
chanical preffure, 2 fuddenand very tumultuousebul< 
lition enfued, during which a portion of the water 
was forced out of the phial, together with a quan~° 
tity of fteam; the water in the phial funk down to 
212, almoft as foon as the cork was pulled our. 
Now as the additional heat does not appear in the 
water, though the minute before it acted fenfibly 
in it, we may conclude that the fire occafioning it 
is combined with the fteam. . 

Mr. Watt, under the direction of Dr. Black, 
puta quantity of water into Papin’s digefter, and 
raifed it to 412 degrees. After confining the {team 
for a long time in fuch a preffure, he judged that 
upon admitting the air, and giving vent to the 
obftructed {team, the whole mafs of water would 
inftantly evaporate; this was not however the cafe, 
a quantity of fteam flew out with confiderable 
noife, and with fuch impetuofity, as to rattle feve~ 
ral times againft the ceiling of the room; yet far: 
the greater part of the water remained, which im- 
mediately funk to 212 degrees; whence it was 
concluded, that the fire, thus put in action, was 
abforbed by the fteam, by which means the tem- 
perature of the water was reduced to the boiling 
point. In this experiment. the water was heated 


202 
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200 degrees above the boiling point. Ifthe con+ 
verfion of water depended merely on the quantity 
of fenfible heat, the whole of the water muft have 
béen evaporated, whereas a {mall quantity only 
went off in vapour. 

T have already dwelt a confiderable time on 
this fubject; but the importance of it towards a 
right underftanding of the moft part of the phe- 
nomena in nature, will be a fufficient excufe, and 
will, Iam fure, encourage you to hear with atten- 
tion an account of further experiments on this 
interefting branch of philofophy ; the morc fo as 
you are fenfible that natural philofophy confifts in 
exploring, by experiment, the phenomena refulting 
from the mutual action of different bodies on each 
other; as thefe phenomena are innumerable, expe- 
riments muft be fo alfo; for no arithmetic can 
reckon up the various ways ii which terreftriat 
bodies may, by natural and artificial means, be 
brought to operate on each other, 

If cight pounds of iron filings, at 212 degrees, 
be mixed with a pound of water at 32 degrees, the 
temperature of the mixture will be 122 degrees 
nearly; the iron will be cooled go degrees, and 
the watcr heated go degrees. 

But if eight pouncs ot iron flings, at’300 de- 
grees, be mixed with a pound -of water at 212 
degrees, the temperature of the mixture will be 
212 degrees, and a part of the water will be fen- 
fibly converted into vapour: if a fentible thermo- 
meter be fo fitpended as to be in contact with the 
vapour thus produced, it will be found alfo at the 
temperature of 212 degrees. In this experiment, 
you fee that 88 degrees of fire, feparated from the 
iron, raifed a portion of the water into the form of 
vapour, but did not increafe the temperature there- 
of; the vapour that efcaped was alfo at the boiling ° 
point. As the fire feparated from the iron is not 

2 communi~ 
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Communicated to the water, it muft neceffarify 
abforbed by the vapour. nae fd 
From thefe experiments it evidently appears, « 
that fire may fo exift in bodies, as not te difcover’ 
-ittlf in any other way than by it’s adtiong on ‘the 
minute parts of the body; and that this‘ a@ion 
may be fuddenly changed fo as to be no la ext 
directed on the particles of the fubftance itfelf, bué 
upon external objects, in which cafe we perceive 
it’s ation by the fenfe of feeling, or difcover it by 
the thermometer. It alfo appears from thefe ex 
periments, that water, in -it’s fluid tate, hath ag: 
much fire combined with it agit can'contain, and: 
yet remain in that ftate; “in other words, h 
elementary fire within it “expands or Separates i#¢: 
Parts from each other as much as ts confiftent with 
i's conftitution as water. . 
Ifany more is added, it cannot -be ‘abférbed: 
or combined, or direct it’s force on the particlesof 
the water, without raifing them in vapour: part, 
therefore, of this additional expanfive power wilt 
‘be employed in the formation: of vapour; and. the 
reft will be communicated to the neighbouring: 
fubftances. A 
It alfo appears as evident as experiment. cary 
make it, that fire is the caufe of fluidity > now ag. 
fire, when producing heat, expands bodies in-ewgry 
direction, we may conclude that it acts as foxy 
center towards a circumference, and that cold is. 
diminution of this action, ora condenfation from at: 
circumference towards a Center; confequently whety: 
the expanfive action of fire is confined within the 
furface of the body, it cannot affeg the thermo: 
meter, and may be called, in this fenfe, latent Bree 





internal parts of the fubftance to the furface;. ig: 
then affects. the. thermometer, though congealing 
Vou. I,. xX or 
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or freezing, the latent fire being then rendered 
fenfible. 

A certain degree of expanfive power exifts in 
all bodies; this has been termed the fpecific fire of 
the body. When the expanfive action of fire, with- . 
in any fubftance, becomes greater than is con- 
fiftent with the cohefion of that fubftance, it is 
diffipated or refolved into vapour: this, however, 
may be effected in fuch a way, that this fire may 
Gill a& upon the feparated parts, without exerting 
any of it’s force upon external fubftances; and 
confequently vapour will continue to cxift as fuch 
in a degree of hcat much below that at which it 
was produced. When this latent fire is trans~ 
ferred to other bodies, the vapour ceafes to be 
yapour, is condenfed, and in moft cafes returns to 
it’s original ftate. 

Every fubftance has a proper proportion of 
fire combined with it; confequently whenever it is. 
decompofed, or new combinations take place, 
there will be cither an equal, a fmaller, or a greater 
quantity of fire employed: if an equal quantity is 
ufed, there will be no fire difengaged, nor any 
abforbed ;. in other words, no portion of liberated 
fire will be combined, nor will any that was com- 
bined be fet at liberty. But in the fecond caf 
where lefs fire enters into the new combination, 
than was in the preceding one, a portion of the, 
fire that was combined, before the decompofition, 
will-be fet at liberty, and will remain difengaged ; 
after the recompofition, it will re-aflume it’s pro- 
perties, and will produce the effect we call heat,. 
and will diffipate irfelf infenfibly among the fur- 
rounding bodies. In the third cafe, when more 
fire enters into the new combination than was 
there before, the fire from the furrounding, bodies 
will be abforbed, and pafs from the flate.of. free, 


to combined fire; as the furrounding bodies = 
thus 


See 
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thus deprived of a portion of their free fire, they 
will therefore become colder, and continue fo till 
the equilibrium is reftored by fire from other 
bodies, 


~~ You have thus a fenfible and clear criterion, 


by which you may diftinguifh when fire is difen. 
gaged or abforbed in any combination whatfoever ; 
in the firft cafe the furrounding bodics will be 
heated, in the fecond cooled, 

As whenever fire is abforbed by entering into 
combination, cold is produced, we may infer that 
whenever cold is perceived, a quantity of liberated 
fire is become combined, or that there has been an 
abforption of fire by the combination. ‘ 

Now as in the formation of vapours, cold is 
always produced, we may be affured that fire is 
abforbed when vapours are formed, or that vapours 
refult from the combination of fire with a fluid 
reduced toa vaporous ftate, 

As an objection may be made to the foregoing’ 
theory, it will be neceffary to confider it before we 
proceed any further. If no aeriform fluid can be ' 
formed, fays the objeGor, without a portion of 
fire pafling into, and being combined with it, cold 
ought always to be produced in the formation of 
every aeriform fluid; whereas in the combination 
of calcareous earths, and effervefcing alkalies wirk: . 
acids, inftead of cold a fenfible heat is generally 
obferved during the formation of the fixed air, 

This phenomenon, far from invalidating the 
former theory, only proves, that in thefe combi- 
nations, more fire is difengaged than is neceffary 
for forming the fixed air, which is clearly proved 
by thewing that the ‘quantity of heat may be’ in- 
creafed or diminithed at pleafure, according as the 
quantity of fixed air in the alkali is increafed or 
diminithed: volatile alkali alone, fully faturated 


‘with fixed air, produces cold inftead of heat, when 
ana x 
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the air is difengaged therefrom. Mr. Lavoifier 
has made a great many very fatisfactory experiments *~ 
on this head. 


Or tur Cotp propuceD BY EVAPORATION. _ 


You have feen that evaporation, though pro- 
duced by fire, isa caufe of cold; it is indeed the 
principal means ufed in the proceffes of nature for 
regulating the temperature of the earth. To un- 
derftand it’s operations, and have a proper idea 
of this procefs, I fhall fhew you fome very curi~ 
ous experiments, and relate others; pointing out, 
at the fame time, fuch applications of this general 
phenomenon, as-cannot fail to render it highly in- 
terefting. 

Take this thermometer filled with water, and 

lunge the ball in water, letting it remain there till 

it is of the fame temperature; then take it out, and 

agitate it in the air, the water on the furface of the 

ball evaporates, and you fee that in the thermo- 

meter falls: by repeating this operation a number 

- of times, you may even freeze the water in the 
ball. 

If you wrap the ball of a thermometer with 
fine linen, and keep this moift by fprinkting it 
with cther, and then agitate or move it brifkly in 
the air, the thermometer will defcend to 0°. 
Spirits of wine, ether, and many other fluids, pro- 
duce a greater degree of cold than water; probably 
in confequence of their being more evaporable. 
The degree of cold produced by evaporation, de- 
pends probably on the velocity with which it is 
accomplifhed. Now the promptitude in evapo- 
ration of water of a definite temperature, depends 
partly on the prevailing degree of heat, partly on 
-the current of air acting on the thermometer, and 
partly on the drynefs and moifture of the air. 

From the experiments of M. Richmann, we 

find, 
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find, 1. That a thermometer, taken out of water, 

“and expofed to the ajr, always defcends, even when: 
it’s temperature is equal or {uperior to that of the 
water, 2, That it afterwards rifes ull’ it has ar- 

~ teiged the temperature of the atmofphere. 3, That 
the ume of defcending is lefs than that which it 
employs to rifeagain. 4. That when the thermos 
meter, withdrawn from the water, hasarifen tothe 
common temperature, it’s bulb is dry; but that it 
continues wet during the whole time of it’s ftanding 
beneath this common temperature. 

Theexperiments of Dr. Cullen thew us, 1. That 
a thermometer, fufpended in the receiver of an 
tir-pump, defcends two or three degrees during 
exhauftion, and afterwards rifes to the temperature 
inthe vacuum of air, 2, A thermometer plunged 
in alcohol in the receiver of the air-pump, always 
defcends ; and that lower in Proportion as the bub. 
bles are ftronger which iffue from the alcohol. If 
it be taken out of the liquor, and fufpended wet in 
the receiver, it falls 8orio degrees, while the air 
is pumping out. Dr, Cullen placed fome very 
volatile liquors under the receiver of an air-~pump ; 
one of thefe was ether; it Was contained in a glafs, 
in which there was alfo fome watcr; when the air 
was extracted, the ether began to boil, and to be 
converted into vapour, till it became fo cold unde¢ 
the receiver, that it froze the water contained in 
the veffel, though the temperature of the room 
was about 50 degrees. 

You may freeze water at any time, by the 
¢vaporation of ether; for this purpofe you fhould 
be furnifhed with a thin glafs tube, to hold the 
water like this in my hand, and a bottle of ether 
with a capillary tube fitted to the neck : I thal! Keep 
the outfide of the glafs tube wet with the ether, and 
the fpeedy €vaporation of this very volatile fluid 
will foon convert the Water into ice, and this it 

K 3 will ° 


310 Lecrures on Natura Putrosopry. 


. — 
will do even before a fire, or in the midft of 
fummer. 

We may, therefore, lay down the following 
circumftances, as the moft general confequences 
that arife from the experiments made on evapo= . 
ration; 1. That if a thermometer be plunged into 
any evaporable fluid, and immediately taken out 
again, it will defcend feveral degrees while the 
bulb i is drying; as foon as the fluid is all erapo~ 
rated, it will begin to rife, and continue to do fo 
until it has acquired the temperature of the fur- 
rounding air. 2. That the cold produced is greater 
in proportion as the fluid is more evaporable; the 
bulb ofa thermometer, moiftened with water, does 
not defcend fo rapidly as one wetted with fpirit of 
wine; and this lefs fo than one moiftened with 
ether. 3. If the evaporation is accelerated by any 
means, excepting by heat, there will bea propor 
tionable augmentation of cold, fo that evaporation 
is not only productive of cold, but the degree of 
cold depends alfo on the rapidity of the evaporation. 
4: That by continuing to wet the bulb as faft as 
it dries, the cold continues to be increafed, becaufe 
the producing caufe continues it’s action. 

Sailors, in calm weather, often hold up a wet 
finger in the air, and if one fide of it becomes, 
in drying, colder than another, they expect wind 
from that quarter. This cuftom is not without it’s” 
foundation, for an almoft infenfible motion in the 
air, will evaporate the water from one fide of the 
finger fooner than from another, and thus produce 
cold. By a fimilar experiment, you may experi- 
ence the cold produced by evaporation; wet your 
finger by putting it in your mouth, and then hold 
it up in the air, and you will find it grow. cold as 
the moifture evaporates. 

‘Though this property of producing cold by 
evaporation has been but lately obferved by che-~ 

mitts, 
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mifts, yet it has been long employed by thofe who 
“knew nothing of the operation. It has been ob= 
ferved at Aleppo, in Syria; that the water in their 
Jars is always the cooleft when the weather is the 
‘armeft, and the power of the fun exceffive. The 
“her inaee part of the world are fometimes al_ 
moft intolerable, and at that time the evaporation 


porous earth, is very copious, and the cold within 
isin proportion to the quantity of water evaporated 
from without, Kzempfer relates, that the winds 

" are fo fcorching on the borders of the Perfian gulph, 
that travellers are fuddenly faffocated, uniefs they 
cover their heads with-4 wet cloth ; if this be toa 
wet, they immediately feel an intolerable cold, 
which would become fatal if the moifture was not 
fpecdily diffipated by the heat. 

r. Swinburne fays, they have a kind of 
earthen jar in fome parts of Spain, called Jaxaros, 
which are only half baked, the earth of which is fo 
porous, that the outfide is kept moift by the water 


that filters through it, and though placed in the, 


fun, the water in the pots remains as cold as icé. 
The blacks at Semigambia have a fimilar method 
of cooling water; they fill tanned leather bags 
with it, and hang them up in the fun; the water 
60Zes more or lefs through the leather, fo as to’ 
keep the outward furface wet, which, by it’s quick 
and continued evaporation, cools the water. 

The manner of making ice in the Eaft Indies 
depends on the fame principle, that of producing 
cold by evaporation. The ize makers dig pits about 


30 feet fquare, and 2 deep, on large open plains: . 


they ftrew the bottoms of thefe pits, to the thick= 
nefs of about 8 inches or a foot, with fugar canes, 
or with the dried ftems of India corn: upon thi¥ 
bed they place a number of unglazed pans, which 
are made of fo porous an earth, that the water pene- 

$4 trates 
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trates through their whole fubftance: thefe pans, 
which are about a quarter of an inch thick, and a— 
quarter decp, are filled towards the dufk of the 
evening, in the winter feafon, with water which 
has been boiled, and then left in that nea nad 
morning, when more or lefs ice is foundée tiem 
according to the temperature of the air; rhere being 
more formed in dryand warm weather, than in that 
which is cloudy, though it may be colder to the 
human body. Every thing in this procefs is calcu- 
lated to produce cold by evaporation; the beds, on 
which the pans are placed, fuficr the air to have 
a free paflage to their bottoms, and the pans, in 
conftantly oozing out water to their external fur- 
face, will be cooled by the evaporation. 

Cellars and fubterrancous vaults, at a certain 
depth, are comnionly dry in winter, and very wet 
in fummer. In fummer, the air is hotter than the 
interior of the earth; and fire which always tends 
to an equilibrium, defcends into the upper ftrata 
of the carth, with the water it bears: it depofits 
this water in thefe ftrata fucceflively, in proportion 

. as it penetrates and finds them colder; thus they 
become Joaded with humidity to a certain depth, 
and retain it, until by a-change in the atmofphcere, 
which the cold brings with it, the fire returns from 
the carth tothe air, and gradually carries away with 
it the water it had depotited during the fummer. 

That fire eficcts evaporation with great energy, 

. when not reftrained by the air, is evident from the 
following fact: in the upper part of barometers, 
well purified from air, and expofed to confiderable 
changes of temperature, as for example, at a 
window upon which the fun fhines, you will fee 
the mercury raifed, and depofited in little drops on 
the empty part of the tube: thefe drops gradually 
increafe, and at length fall back by their weight. 

‘This is a real diftillation, which takes place in the 

be ordinary 
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ordinary temperature of the atmofphere ; the-firez 
~~ although in this inftance of very inconfiderable 
denfity, raifes the mercury, which is nearly rg: 
times heavier than water, and carries it, at-leaft, to 
the height of 2 inches, and depofits iton the coldett 
‘Timefthe glafs, where it has the greatelt tendency 
to traverfe it. This is one among ‘many: pheno- 
mena which fhews that evaporation does not rife 
from any diffolving power in the air; for in this 
cafe the air was excluded, but is to be afcribed 
folely to the agency of fire. : 
It is on thefe principles that the air overa wood 
or foreft, is made colder by. the evaporation from 
trees and fhrubs. _ Thus plants are kept ina more 
moderate air, and fecured from the burning h€at.of 
the fun, by the vapour perfpired from their own 
leaves; and henee the fhade formed by vegetable bo- 
dies, is more cffectual to cool us, as well as more 
agreeable in itfelf, than the fhade of rocks and 
buildings, : 
When the human. body-is moft heated, the 
vapour paffes off at the fkin by perfpiration, If - 
the pores are clofed, what fhould evaporate’ is.’ 
reverberated, and works inwardly upon the body, ._ 
like the ftcam confined in Papin’s digefter, and the: 
blood rifes far above it’s due heat into a fever, as - 
water in that veffel rifes far above the heat of boil. 
ing: thus numbers of labouring people fupport «. 
themfelves in the height of fummer, by virtue ofa = 
copious perfpiration, which they replenith by drink=:* 
ing plentifully; the liquor is carried off by perfpi- 
ration, and the body is kept cool by the: fire which 
the evaporation of the fweat carries off. The work. 
men employed in glafs houfes, founderies, 8c. often: 
live in a medium hotter than their bodies, the ria- 
tural temperature of which is equalized and mode. 
rated by perfpiration. 
Thus has Providence contrived to render the 
heat 
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hheat.of the torrid zone lefs infupportable to the in- 
habitants. An intenfe heat bathes the body in 
fweaty but the fweat being evaporated, carries 
with it a large portion of the fire by which it was 
oceafioned, and thus cools the body. If evapo-_ 
fatton be increafed by agitation of the aiz;"the 
refrigeration is greater; hence the ufe of fans and 
ventilators, which, though intended to give motion 
to warm air, cool likewife, by facilitating and fa- 
“, Vouring evaporation. Warm and dry air is beft 
fuited to form a refrefhing current, becaufe it is 
wrore calculated to carry off humidity: from hence 
alfo we may fee the neceffity of frequently renew- 
ing the current of air to preferve the coolnefs of 
our apartments. 

Thefe principles, fays M. Chaptal, have alfo 
’. @ Nearer relation to medicine than is generally fup- 
; ee Moft fevers end in perfpiration, which, 
" befide the advantage of expelling the morbific 

matter, poffeffes that of carrying off fire, and thus 
teftoring the body to it’s common temperature. 
The phyfician, who is defirous of moderating the 
excefs of heat in the body of a patient, ought to 
maintain the air in that difpofition which is moft 
fuitable to his views. 

- May not thefe principles account for the effect 
. ef fome medicines? The ufe of volatile alkali is 
* gniverfally acknowledged in burns, the tooth-ache, 
&c. May not thefe effects be attributed to the 
volatility of this fubftance, which by combining 
» with, and carrying off fire, leaves an impreffion of 
_ cold? May not alfo the effect of ether, which is 
a fovercign remedy for the cholic, depend on the 
fame principles ? 

Moft of the phenomena of evaporation we 
eonvenicntly and eiceantly feen inthefe glafs tubes, 
(fig.7, plate s,) with hollow balls at their extre- 
mities; the balls freed from air, and half filled 

with 
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with water or fpirit of wing, If you lay hold. of 
each ball at the fame time, you will-fee no ebale 
lition in either; but if you only lay. hold of one; 


it will be warmed by the hand, while the other res 


mains cold, and the water will immediately fly 
trouethe one which is warmed, and rifedintothe 
other which remains of the fame temperature. 
When the water is all gone into the ball furtheft 
from your hand, yon fee it begins to boil, and this 
ebullition will laft a long time, provided you keep 
your hand on the empty ball. -. 

Thefe phenomena are eafily explained from 
what has been already fhewn you; the fire paffing 
from the hand into the glafs, converts into va Our. 
the thin coating of moifture which lines the’ Hs 
but when the balls are equally warmed, the preffure 
being equal on both fides, the vapour cannot ack, 
and develope it’s properties. When one only of 
the balls is heated, the vapour is formed in great 


abundance, and forces the water into the other ; | 


the fire at the fame time paffing through, occafions 


the ebullition in the other, by forcing up the vapouf 


it raifes through the water into the other ball 3 the” 
vapour arifing from this, parts again with it’s fire, 
againft the cooler fides of the glafs.- You may.be - 


eafily convinced, that this ebullition is oceaftoned. 
by the vapour raifed by the heat of the hand, from: 


- the humidity which coats the ball; for if you graf 


this ball in the hand, keeping it in fuch a pofitien 


that the water cannot enter it again, the fides | 


thereof will foon become quite dry, and the ebuke 
lition will entirely ceafe: but if you moiften the 
infide of the ball with a drop of water, the ebul- 
lition will immediately commence. Pec 

Another remarkable phenomenon that this little 
inftrument prefents to your attention, and whieh 
you muft already have obferved, is this; that as 
jong as there is any moifture in the infide eae 

al 
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ball to be changed into vapour, the hand feels a 
cool fenfation, although i itis clofely grafped there- 
by;. all the fire that proceeds from the hand being 
combined with the water, to change it into an 
élaftic vapour; but the inftant the ebullition and 
evaporation ceafes, the ball becomes warm.—-— 
You may demonttrate with this inftrument, in 
, another manner, the cold produced by evaporation : 
for this purpofe, hold the middle of the tube in 
the hand, and in an horizontal pofition, the bub- 
bles being uppermoft, and containing nearly the 
fame quantity of water in each. Now wafh one of 
them two or three times with a hair pencil that 
has been dipt in fpirit of wine or cther, and you 
will fee all the water pais into the moiftened ball, 
and begin to boil with force; the reafon of this 
phenomenon is very plain, the evaporation from 
the moiftened bail has carried off part of the fire 
contained therein; the vapour in this ball lofing 
it’s fire, and being thereby condenfed, docs not 
act againft that in the other ball, which preffes the 
water, and this occafions the cbullition. 
Here is one of thefe inftruments, (fig. 9, pl. 5,) 
fixed upon an axis with the balls upwards, and a 
board tacing them, in which are two holes, fo 
placed as to correfpond with either of the balls 
when it preponderates: place this before the fire, 
and the vapour from the water in the lower ball 
will foon force out the liquor in this ball, which 
afcending into the other, it becomes the heavieft, 
and falls down, and being then oppofite to the 
hole facing the fire, a portion of the water therein 
will be rarified, and force the reft into the other 
ball which will again defcend. It is not improba~ 
ble, fays Dr. Franklin, that this power of eafily mo- 
ving water from one end to the other of a moveable 
beam, by a {mall degree of heat, may hereafter be 
applied advantageoufly tofome mechanical purpofes. 
Or 
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Or Sponrancous EvaporaTIon. 


The experiments we have made with ‘our 
fmall glafs apparatus, have prepared us for the con~ 
fidexation of that fpecies of vapour which rifes with 
very little heat, and is in general imperceptible ; 
as this evaporation is perfectly quiet, it evidently 
proceeds from the furface only, and is thereforg 
proportionably greater as the furface is enlarged. 
Equal quantities of water being put into two un- 
equal veffels, the one broad and fhallow, the 
other narrow and deep, the former will exhale 
much more abundantly than the latter. ; 

It has long been thought that the air diffolves 
the water, and thus occafions this evaporation $ 
but this opinion docs not feem well founded; the 
contrary has indeed been already proved. There 
certainly is a conftant flow evaporation from fluids 
expofed to free air; yet it is evident that fire is the 
principal agent concerncd in this evaporation, from 
the refrigeration which always accompanies the 
procefs. To fuppofe that air acts upon water as a 
menftruum or folvent, brings us only to the fame 
conclufion; for how do felvents act? Not by any 
occult virtue in the folvents themfelves, nor in the 
matter they act upon; but on fomething adven- 
titious to both. - 

Water diffolves falt as a menftruum; but only 
under certain conditions, which proves that the 
power is not altogether in the water, but in fome= 
thing elfe. Hot water will receive and retain many 
more of the faline particles, than water which is 
cold and lukewarm; and when with a certain de- 
gree of cold water becomes fixed into ice, it lofes 
at’s mobility, and can diffolve nothing. ; 

Further, as all motion is in the direétion of it?s. 
caufe, wherefoever you fee a body move in any 

3 direction, 


y 
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direétion, you may fafely affirm, that there is a 
caufe acting in that direction. But if you fuppofe 
air to agi as a menftruum on water, by the power 
of attraction, you muft fuppofe it to act downwards, 
‘and draw water upwards, which is contrary to the 
laws of motion; all motion being in the dif€ttion 
of the moving caufe: you muft therefore refolve the 
afcent of vapour into impul/e, into the agency of a 
caufe which diffufes itfelf every way, and acts in 
all directions. When vapour rifes from the furface 
of an heated fluid, all is confiftent and rational; the 
‘fire goes off the fame way, and fo the caufe and 
effect are in one direction; and thercfore if we 
would be confiftent, we muft reduce other cafes 
to this, and argue that all gentle and flower ope- 
rations are on the fame principle as where the 
operation is quicker, as the caufe is more violent. 

Fire, which is the great caufe of folution, is 
alfo the caufe of /pontaneous evaporation, The 
earth and fea perfpire, when they are heated like 
the human body; and no one ever yet fuppofed 
that perfpiration was owing to the air that fur- 
rounds the {kin of an animal; alchough this vapour, 
like that of the rivers and fea, goes off into the 
atmofphere, it is not the air withsat, but the fire 
within, that is the caufe; the atr only receives it, 
and may do this more or lefs, according to the flare 
it is in with refpeet to cold or heat, rarity or den- 
fity. Ifthis reafoning wanted further confirmation, 
you may have recourfe to the experiments you have 
already made, which prove that evaporation is 
produced in greater quantities in vacuo than in 
open air; whereas on the opinion ef folution, no 
fuch effect fhould take place, as the folvend cannot 
be diffolved without the prefence of the menfruum. 

Sventaneous evaporation is much aihfted by 
mechanical motion. The ground, when wetted 
with rain, diies very fait, if there is a brilk wind, 


by 
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by which the parts of the water are abraded and 
carricd into the atmofphere: as water, when agi« 
tated, willtake up the parts of earth or mud from 
the bettom, and keep them afunder as long as the 
agitation continues, though the carth would have 
ramained at the bottom as a fediment, and the 
water would have been traniparent, if it had been 
undifturbed. 

There are many operations carrying on in the 
order of Providence, which, though they efcape 
the common obfervation of our fenfes, excite our 
aftonifhment, when once difcovered. One inftance 
of this kind we have in the water which is raifed 
into the atmofphere from the furface of the earth. 
Would you have conjectured that an acre of ground, 
after having been parched by the heat of the fen in 
fummer, difperfed into the air above 1600 gallons | 
of water in the {pace of twelve of the hotteft hours 
of the day? The experiments from which this 
fact was deduced by Dr. Wat/on, Lifoop of Lan» 
dafj, arc fo eafy, that you may eafily fatistv your~ 
feif with the truth of the conclufion. He put a 
large drinking glafs with it’s mouth downwards 
upon a prafs plat which was mowed clofe, at a 
tune when there had been no rain for above a month,, 
and the was become brown; in lefs than two. 
minutes the infide of the glafs was clouded with 
» ta half an hour drops of water began to 
down it’s infide in various places. ‘he ex. 
ne Was repeated feveral times with the fame 











‘Yo eftimate the quantity thus raifed in any. 
certain portion of tune, the bifhop meafured the: 
area of the mouth of the glafs, and found. it to be 
20 iquare inches: there are 1296 fquare inches ina 
fquare vard, and 4840 fguare yards in anacre; there- 
fore by meafuring the quantity of vapour raifed from 
20 tquare inches of ground in one quarter of an 
2 hour, 
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hour,.it.will be eafy to calculate the quantity which 
_ wold ‘be raifed with the fame degree of heat, 
frog an acre of ground in 12 hours. When the 
glafs had itood on the grafs plat one quarter of an 
‘hour, and had collected a quantity of vapour, he 
wiped the infide with a piece of muflin, whofe 
weight had becn previoully afcertained ; as foon as 
the glafs was wiped dry, the muflin was weighed 
again, the increafe of weight fhewed the quantity 
of vapour which had been collected; the medium 
increafe of weight from feveral experiments made 
in the fame day between 12 and 3 o’clock, was 
6 grains collected in one quarter of an hour, from 
20 fquare inches of earth, If you take the trouble 
of making the calculations, you will find that above 
1600 gallons (reckoning 8 pints to the gallon, and 
eftimating the weight of a pint of water at one 
pound avoirdupoize, or 7000 grains troy weight, ) 
would be raifed at the rate here mentioned from 
-an acre of ground in 12 hours. Repeating the ex- 
periment after a thunder fhower, he found that an 
acre parted with above 1900 gallons of water in 12 
hours. 
This evaporation is carried not only from the 
_ ground itfcif, but from the Icaves of trees, grafs, 
&c, with which it is covered; and great part of 
the water thus raifed, falls down again in dew in 
the night-time, being abforbed by the fame vege- 
tables which yielded it before. “Thus the earth is 
not fo foon exhauited of moifture, even for a little 
way below the furface of the earth, as we might 
be apt to imagine, from the quantities raifed by 
evaporation, Perhaps allo, one great ufe of marles 
and manures, may be to render the foil on which 
they are put, lefs ligble to be deprived of it’s 
moifture in fummer. ‘Vere are many fandy and 
lime-ftone foils which are covered all over with 
flints or lime-ftone pebbles; the crop of corn would 
probably 
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probably be lefs, if thefe ftones were removed ; 
for they are ferviceable, not only in fheltering the 
gerins of the plant, but in impeding the efcape of 
moifture from the earth. 

Whether a merely moift foil be unwholefome, 
may be much doubted ; but that moifture arifing 
from earth or water ina ftate of putrifaction, is fo, 
cannot well be doubted. The overflowing of the 
Nile puts a ftop to the plague, probably as it puts 
a ftop to the putrifaction of the canals at Great 
Cairo and other places. Agues and putrid fevers 
are much more frequent in the fens of Cumbridge~ 
JSoire and Lincolnfbire in very dry than in wet years. 
The Iris, who come annually to reap the harveft 
in thefe fens, are fo fenfible of the difference, that 
when there have been three or four dry feafons to- 
gether, they enter upon their tafk with reluctance, , 
apprehending what they call the Sen-foake. In 
1748, the States of Holland laid the country around 
Breda under water, to be kept up till the winter, 
to ftop a ficknefs, which had arifen from the moift 
and putrid exhalations of half-drained grounds, 

Upon the theory of {pontaneous evaporation, 
many of the common appearances in nature are ex. 
plained. When you bring a cold veffel intoa warm 
room, particularly where many people are affem- 
bled, the outfide will foon be covered with a fort 
of dew: the reafon is obvious; the air is filled 
with vapour, particularly from the lungs; this 
meeting with the cold veffel is condenfed, the fire 
¢niers to reftore the equilibrium, and quitting thé 
vapour, {nis is depofited in it’s fluid ftate on the 
outfide of the velfel. During a courfe of cold 
weather, the ftone pavements, the walls of a hoyfe, 
and other folid objects, are deprived of a part of 
their fire; on a change of weather, when thé 
warmer air entcrs the houfe, the fire enters thefe 
bodies to reduce them to the general temperature, 

Vou. Y and 
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and depofits the vapour on the furface in it’s paf- 
fage. In a frofty night, when the air abroad is 
colder than the air within, the dampnefs of the 
internal air fettles on the glafs panes of the windows, 
and is frozen within-fide in beautiful forms. 


Or rue Assorprion of Fire sy CoLourep 
SussTANCEs. 


You have feen that the various methods made 
ufe of for the admeafurement of heat, are founded 
on the general principle, that different fubftances 
abforb fire in greater or Jefs quantities; this 
will be further illuftrated by a few plain facts, 
which I am now going to relate to you. In the 
reception of heat from the rays of the fun, much 
depends on the furface of bodies; thofe that reflect 
much light imbibe heat flowly, fo that the fame 
body, when polifhed, is heated with more diffi- 
culty than when it is rough: but the greateft dit 
ference arifes from the colour of the furface; this 
was firft pointed out by Boyle, and fince by Dr. 
Franklin. 

It is the property of white bodics to reflect 
light, and of black ones to admit or abforb it; 
therefore black bodies grow hot in the fame fitu- 
ation where white ones are but little affected. To 
illuftrate this, Dr. Bravk/in placed on the furface 
of fnow feveral pieces of cloth of the fame texture, 
but of different colours, fo as to be expofed to the 
rays of the fun; in a few hours the black cloch was 
buried in the fnow, while the white remained on 
the furface. 

: M. de Sauffure relates, that the peafants of the 
smountainsof Switzerlandare careful tofpread a black 
earth over the furface of grounds covered with fnow, 
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White cloaths, whatever be their fubftance, are 
always cooler, when expofed to the fun, than black, 
of the fame texture. If the wall at the back ofa 
fruit tree be painted partly white and partly black, 
the fruit on the black part will be forwarder than 
the other. Denfe bodies have alfo an advantage 
over rare ones; /ead, painted black, will receive 
more fire from the fun, and be hotter than wood of 
the fame colour. The difference occafioned by 
colours of the fame fubftance is greater than would 
be expected, as you may eafily afcertain, by ob~ 
ferving the height to which a thermometer, with 
a liackened ball, will rife, when compared with 
one whofe ball is of clear glafs; when thefe are 
expoted to the fun, the difference will fometimes 
amount to 10 degrees, varying with the brightnefs 
of the light, and clearnefs of the air; when ex~ 
pofed to ftrong day-light, the thermometer with 
the blackened ball is always fomewhat higher than 
the other. Both thermometers being placed at 
about two inches from a lamp, the coloured ther- 
mometer was always fomewhat higher than the 
uncoloured one; but at 14 or 1§ inches diftance, 
the difference vanithed. 

The obfervation that different colours acquire 
differeat degrees of heat, has, by fome French 
writers, becn attributed to Dr. Franklin; whatever 
merit there may be inthe difcovery, it will appear 
from the following extra@, that Dr. Franklin has 
iaid nothing on the fubject, but what had been 
previcufly mentioned by the great Boerhaave. In- 
deed every one who wifhes to comprehend the 
woncers that prefent themfelves ina natural hiftory 
of fire, thould read Roerbaave’s incomparable dif~ 
couric thereon, In Boerhaave alfo, we find a man 
who vas fo far from being made impious by phi- 
lofophy. Or Vain bieeknawledee nc bo ce Fa 
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he afcribed all his abilities to the bounty, and all 
his virtues to the goodnefs of God. 

« If fire,” fays he, «be determined by the fun 
on the blackeft known bodies, it’s heat will be 
long retained therein; hence fuch bodies are the 
fooneft, and the moft heated by the fame fire, as 
alfo the quickeft dried, after having been moiftened 
by water; they alfo burn much the readieft. Let 
a piece of cloth be hung in the air, expofed to the 
fun, one part of it dyed black, another part white, 
another fcarlet, &c. the black part will always be 
found to be the hotteft, and to be fo fooner than 
the others; the white acquires heat floweft, the 
ret in proportion as their colour is brighter or 
weaker. 

« This was well known to the nations who in- 
habit the hotter climates, where the outer garments, 
if of a white colour, are found to preferve the body 
beft from the heat of the fun, while black ones 
ancreafe that heat. It has alfo been obferved by 
the makers of woollen cloth, that if at the fame 
time and place they hang out two wet pieces, the 
one black, the other white, the former will fmoak 
and dry quickly, but the latter retains it’s water 
tongeft ; and that cloths of other colour dry fo 
much the flower as their colours are lighter. 

«Tt has alfo been long ago obferved, that all. 
black bodies are fooner kindled and fet on flame by 
the fame fire, thanthefe of any other colour. The 
duft of white touch-wood will hardly take fire, 
whereas if fome be placed ona biack coal, and a 

{park ftruck upon it, the duft thereof will readily 
receive and keep up the fire. Ifa piece of white 
paper be laid in the focus of a burning glafs, it will 
be a long time before it takes fire; and as foonas 
kindled, quits it’s whitenefs, turns brown, and 
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in flame: whereas ifa piece of black paper be laid 
on the fame focus, it immediately takes fire. 

«A black foil burns the feet, but fpares the 
eyes; walking on a white one fcarce warms the 
fect, but is troublefome to the eyes: the fame may 
be obferved with regard to paintings and hangings. 
Hence you may take a hint for making proper 
fhades to keep heat from the body, and the blaze 
of light from the eyes. Thus, covers for the head 
white on the outfide, but the lower brim black, 
afford a great relief to the head in a {corching 
feafon.”” 

By confidering thefe faéts, we may account 
for fome phenomena that have been long noticed, 
namely, that the higheft parts of the ai: are the 
coldeft, and the contrary. On the Alps, Pyreneans, 
&c. the ice and fnow rife higherthanthe clouds, and 
feem to increafe: this Dr. Black accounts for in 
the following manner. Though the fun appears 
to be the fource of heat in the globe, yet it’s rays 
do not heat a body that is perfectly tranfparent s 
when the body is not perfectly tranfparent, and 
reflects fome few of the rays, it is fomewhat heated, 
though not in comparifon with an opake body ; 
hence black bodies are fooneft heated. Ifa burn- 
ing glafs be fo placed that the focus falls a little 
below the furface of fome tranfparent water, the 
‘water will not be heated: if you plunge a ftick 
into this part of the water, the interior parts will 
be immediately burnt to a coal, the furrounding 
water preferving the exterior parts. As the rays. 
of light do not heat tranfparent bodies, they have 
little effect upon the air; the upper part is more 
tranfparent than the lower, and the lower parts 
receive almoft all their heat ina fecondary manner 
by reflection. The atmofphere may be confidered : 
as confifting of very eccentric layers, the loweft 
Ga A hy POS: RAC ee TR Coens Pe eee) art? Mee ee get Pr oe. 
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but are compreffed by the fuperior ftrata. I have 
before obferved to you, that a hot body placed in 
vacuo lofes it’s heat; the heat of the lower {trata 
is therefore preferved by the compreffion of the 
fuperior air on the furface of the earth where it is 
intended to act. The coldnefs of the air condenfes 
the vapours, and caufes them to fall in fhowers, 
upon which the life of vegetables depends. You 
may hence perceive the ufe of planting the higher 
parts of a country: as green-houfes, made of glafs, 
receive the heat tranfmitted through it, but con- 
fine the air in them when heated, fo thefe plan- 
tations prevent the lower moitt {trata beingremoved, 
which, when the land is naked and expofed, are 
quickly carried away by {corching winds. 


Or Icnition. 


Bodies in certain degrees of heat appear Iu- 
minous. A body which is thus rendered luminous, 
is faid to be ignited, and the effect itfelf is called 
ignition. 

The nature of the connection between light 
and heat we have not yet been able to afcertain; 
they are both effects of fire, effects, however, that 
may be feparated; but that there is a connection 
is manifeft; the ftronger the light is, the more 
intenfe we find the heat, and the weaker the lighr,, 
the fainter you will find the heat. 

The degree of heat in which bodies begin to 
be luminous, or emit light, is thought to be fixed, 
not only in refpect to the fame body, and at all 
times, but alfo to different bodies. Put into a 
crucible a number of different fubftances that are 
capable of bearing a red heat, apply heat properly 
thereto, and you will find that they all begin to be 
Juminous at the fame time, and as the heat is in- 
eh owe ae Se ree oe “eo St n~e ~. 
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We have indeed no ftandard for eftimating the 
beginning or loweft degrees of ignition: the only 
ftandard is the organ of fight, which is differently 
affected as the circumftances differ; befides, we 
cannot be fure that we perceive the loweft degrees 
of light, for we know that other animals fee ob- 
jects with fuch light as appears perfect darknels to 
us. A perfon coming out of a room full of candles 
into a place moderately lighted, will think it quite 
dark; on the other hand, one who is long con- 
fined to a dark room, will find his eyes dazzled by 
a weak light. 

That ignition is a univerfal effect of fire, may, 
I think, be fairly concluded, from the variety of 
bodies in which it is found to take place; for al- 
though many fubftances have never been rendered 
luminous, yet it would be unphilofophical to fay 
that they are incapable of ignition, becaufe the 
degree of fire neceffary to ignite them is more 
than fufficient to convert them into elaftic vapour. - 
Even water, which in it’s natural ftate feems very 
little capable of enduring fo great a degree of heat, 
may, with the affiftance of mechanical preffure, be 
rendered fo hot as to melt lead, tin, and other bo- 
dies, a heat not much inferior to the loweft degrees 
of ignition: fteam from water in the colipile is faid 
to have been ignited. Dr. Black has alfo feen the 
‘vapour of water fo heated, by being thrown into the 
afh-pit of a furnace, as to produce in rifing through 
the vent a very traniparent flame, 


Or Compustion, 


Combuftion is an effet alfo of fire, though 
not quite fo univerfal as the preceding: it is not 
ealy to convey an accurate idea thereof by a defini-~ 
tion, as it is a collection of various phenomena, 
which take place in the operation of fire on in- 
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flammable {ubftances, the principal of which are 
a continuance or augmentation of heat, an agita- 
tion or inteftine motion, the emiffion of light 
generally in the form of flame, and a total change 
in the matter burned: here fire overcomes it’s 
fuel, breaks it’s nature, alters it’s ftate, and changes 
it into fame and light. 

Combuftion has been diftinguifhed into three 
ftates, inflammation, ignition, and detonation. 

Inflammation takes place when the body or 
parts thereof are either in an aeriform ftate, or can 
be raifed into vapour by the fimple heat of com- 
buftion, and the flame is greater in proportion as 
the combuftible body is more volatile. Thus the 
flame of a candle is kept up by the volatilization of 
the tallow or wax, which is effected by the heat of 
the combutftion. 

Ignition takes place when the combutftible 
body is not in an aeriform ftate, nor fufceptible of 
affuming that ftate by the heat of combuftion. 

Detonation isa f{peedy and rapid inflammation, 
which occafions a noife by the inftantaneous for- 
Mmation of a vacuum. 

There is no phenomenon in nature which has 
more engaged the attention of philofophers, nor 
which has more puzzled them to account for, than 
combuftion. The moft oppofite and contradictory 
theories have been invented to account for it, but- 
in a very unfatisfactory manner; fome light has 
been thrown on it by the difcovery of dephlogifti- 
cated, pure, or vital air. 

You will obferve a great difference in com- 
buftible bodies ; fome burn brifkly with a luminous 
flame, as oils, woods, refins, bitumens; others burn 
without fenfible flame, as many of the metals, and 
charcoal, if well made; others confume flowly 
without fenfible ignition, though with heat, as in 
certain fubftances. In all thefe cafes, when the 

combuf- 
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combuttion is over, the body burned is reduced to 
a fub{tance of a quite oppofite nature, which can- 
not be fubjected again to the fame procefs, being 
quite uninflammable: it may indeed be cooled and 
heated in the ufual manner, but is no longer in- 
flammable. Such is the nature of inflammable 
bodies, that when heated toa certain degree, they 
not only become hot, but by proper management 
they may be heated to any degree, and the heat 
which is thus generated, may be communicated 
to other bodies without any lofs of heat to the in- 
Hammable bodies. 

The refidue of the combuftion is always hea~ 
vicr than the body irfelf before it was burncd, as 
is more particularly the cafe in thofe that are fixed, 
not volatilized in the fire. Some fubftances feem 
to be an exception to this, as in the open air they 
burn totally away, without leaving any refiduum, 
ora refiduum Jefs weighty than the original fub- 
flance. This, however, will not be found to in-. 
validate in the leaft the pofition in queftion; for 
on a careful examination, you will find that 
fo far from a total confumption, there is not 
any confumption at all: the fubftances would in- 
deed feem to be annihilated, if you do not bring 
the volatile parts into the account. Spirits of wine 
and ether burn without leaving any refiduum in the 
veflels that contain them, the matter they confit 
of is volatilized and difperfed ; but if proper means 
are ufed to collect the product, it will be found in 
general to exceed the weight of the matter em- 
ployed. The refiduums of combuftion may, there~ 
fore, be diftinguithed into two: 1. Thole whofe 
refults are fixed. 2. Thofe which afford volatile 
and fugacious fubftances. In the firft cafe, where 
metals are calcined, oils rendered rancid, and in 
the production of certain acids, fuch as the phof- 
Phoric, vitriolic, &c. the increafe of Weight is 

cafily 
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eafily afcertained. In the fecond, it is indeed more 
difficult to weigh all the refults of combuftion, and 
confequently to afcertain the augmentation in 
weight. Yer if the combuftion be made in in- 
verted veffels, and the whole of the products be 
collected, it is found that they are augmented in 
weight: their augmentation of weight is ftrictly 
proportional to that of the air they abforb. 

In order to afcertain combuftion, or detain 
and cftablifh a fource or circulation of fire in the 
fame place, it is neceffary, firft, that fire refide 
in fome folid or fluid matter. Secondly, that the 
air be freely admitted to it. Thirdly, that to in- 
troduce fire into the combuftible body, it muft be 
heated toa certain degree. 

That the firft and third circumftances are ne- 
ceffary, is felf cvident, for without fire there can 
be no combuftion, and without heat applied, you 
could not produce that fiery commotion by which 
phlogifton is difengaged, and the furrounding air 
is decompofed. It ts {carce neceffary to prove that 
air is required to fupport combuttion. 

Let us inflaine this fpirit of wine, and then put 
over it a receiver containingonly a fmall quantity of 
air, and you fee how foon the inflammation ceafes. 
Plunge that bright burning picce of charcoal into 
this veel, which contains highly rectified fpirit 
of wine, and you fee it is as effectually quenched 
as if it were plunged into water. If you take ano- 
ther coal, and dip it in the fpirit, fo that part re- 
main above the furface, the fpirit will then catch 
fire; but ftill the tiame will confine itfelf to the 
furface, acting only on thofe parts of the fluid 
which are contiguous to the air. You have feen 
that a candle that burns brifkly in the open air, 
will foon be extinguifhed under a recciver. 


On the other hand, you know that fire is 
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ed law of nature, that as foon as fire begins to 
{pread itfelf, a fream of air rufoes ia from all fides 
to fupport it ; and the larger the fire is, the fharper 
is the indraft of air: fo that combuftion is the 
joint action of fire and air; between thefe a dou- 
‘ble motion is maintained, an expanfion outwards, 
and a preffure inwards.. That there is an action 
outwards, is evident, 1. From the heat propa~ 
gated through the air, which at a confiderable 
diftance from the fire itfelf will at as fire, and 
inflame bodies, when it is reflected from a concave 
fpeculum. 2. From the fhadow which an ogake 
body cafts behind it by intercepting this matter. 
3. The continual current of air in a contrary di- 
rection; a filk handkerchief, or any other light 
body, held neara fire, will be carried into it; and 
the rufhing of the air through all the joints and 
apertures of the doors and windows of a room, 
heated by a fire, is fenfibly felt. 


Or rue Naroure or Armospueric Arr, 


We muft now for a moment proceed to the 
confideration of atmofpheric air; this you muft 
have already concluded to be a mixture of every 
fubftance capable of retaining an acritorm fate in 
the common temperature, and under the ufual 
. preffure it experiences. Thefe fluids conftitute a 
mafs, in fome meafure homogeneous, extending 
from the furface of the earth to the greateft height 
hitherto attained, of which the denfity continually 
increafes in the inverfe ratio of the fuperincambent 
weight. It is my intention here to give you fome 
account of the compotitios of the inferior ftratum 
of air which we inhabit. Modern chemifts have 
made great advances in this refearch, and atmo- 
fpherical air has been more rigoroufly examined. 
than axy other fubttance of this clafs. 

They endeavour to prove that atmofpheric air 

confifts 
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confifts of two aeriform fluids, one of which is 
capable, by refpiration, of contributing to animal 
life, and in which metals are calcinable, and com- 
buftible bodics will burn; while the other is en- 
dued with direétly oppofite qualities; it cannot be 
breathed by animals, neither will it admit of the 
combuftion of inflammable fubftances, nor of the 
calcination of metals: the firft of thefe is called 
pure vital or dephlogifticated air; it is compounded 
of a peculiar principle of fire, to which laft it 
owes it’s aerial form. The firft principle unites 
with the combuftible body, and by that means 
changes it’s nature, and adds to it’s weight, while 
fire is difengaged in heat and light. The other 
principle, or conftituent part of vital air, always 
forms acids by uniting with combuftible bodies, 
and has therefore been called by Mr. Lavoifier the 
oxyginous or acidifying principle :* the nature of 
this air will be more clearly apprehended when I 
treat of e/afiic or acriform finids. It has been 
computed from obfervations, that pure air confti- 
tutes about one fourth part of our atmofphcre, and 
that this {mall part alone is confidered as the prin- 
cipal agent in combuftion. 

Let us now confider the principles on which 
fire is fupported by air; thefe we fhall find to be, 
firft, it’s preffure, which keeps the fire together ina 
body, and prevents it’s diffipation; by this effect - 
of the air the fire is concentrated, and it’s fplendor 
much increafed. You have feen that the electric 
fpark is bright and vivid as lightning, when it ex- 

lodes in the air, but that it exhibits only a faint 
diluted filent ftream in vacuo. J have alfo fhewn 
you how foon the fire, with which water is impreg- 
nated, efcapcs, and how foon it cools in vacuo. 
The 
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The outline by which the flame of a candle is fo 
well defined, can only be attributed to a preffure 
which acts equally on every fide ; and this preffure 
can be no other than that of the air, as you may eafily 
convince yourfelves by carrying the candle forwards, 
when you will find the fide of the fame that meets 
the air will be bright and well defined, but the fide 
that follows will be more ragged and diluted. 

This fight is fo familiar that we pay but little 
attention to it; yet it is matter of aftonifhment, 
that a uid fo weak as fire might be fuppofed to 
be, on account of the infinite fubtlety of it’s parts, 
ahd whofe exiftence has been denied by fome, be~ 
caufe they cannot weigh it in a pair of {cales, 
fhould be expanded icfelf, and expand the air with 
all that force which experiment demonftrates. To 
illuftrate this, let us fuppofe the atmofphere pref- 
fing upon the flame of a candle with half it’s force, 
thatis, with aweight equal to {even pounds on every 
fquare inch; if there be a fphere of fuch flame, 
whofe diameter is one foot, the air would comprefs 
it’s furfacé with a force equal to 3164 pounds, yet 
fire maintains it’s dimenfions with eafe againft a 
compreflive power, which feems more than fufi- 
cient to drive it back to it’s central point. 

Secondly, the uniform preilure of the air on 

. the fubftance is changed, and an influx thereof oc= 
cafioned by the heat firft applied to the combutftible 
body, by which influx a continual fupply of frefh 
air is fupplied ; between the impulfe of this to. 
wards the center of the fire, and the continual ex- 
pantion of the fire outwards, a confiderable agitation 
is occafioned, which facilitates the combuftion: 
the more violent the re-action of the air is made, 
the greater is the action of the fire upon the air, 

Thirdly, experiment now clearly proves, that 
the ancients were right in the opinion which they 
univerfally maintained, that air fupports fire as a 
Pabulum, that is, that it actually parts with fome 
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of it’s fubftance to fupply freth matter, which in- 
creafes, and becomes part of the fire. In the con- 
flict between the air and the fire, the fire is increafed, 
and the air is diminifhed; for as fire acts upon air, 
fo air re-acts upon fire: the latter of thefe is well 
known, the former will be evident from experi- 
ments. 

You may thew that air is diminifhed by the 
procefs of combuftion, by throwing the focus of a 
burning lens on the combuftible body, when con- 
tained ina glafs receiver inverted in water; when 
the apparatus is grown cold, the water will be feen 
to rife up a fhort way into the receiver. I have 
already fhewn you, in Lecture IV, the diminution of 
air when candles burn under areceiver. Here are 
fome receivers with mercurial gages adapted to 
them; to render this effect more fenfible, you have 
only to take care and place the receivers as expe~ 
ditioufly as poffible overthe matters already kindled. 
We will place this receiver over this piece, and 
you will obferve the fame effects you noticed when 
we tried the Haming candle; the gage is firft de- 
preffed, and then rifes about an inch and an half. 
From thefe experiments, it appears that the 
larger and brifker the fire in equal fpaces, let 
the fuel be what it will, the greater is the con- 
fumption of air; and though diiferent kinds of . 
fuel may occafion fome critical differences, the 
general effect is from the air, and not from the 
tuel. 

I may now attempt to fhew you what portion 
of air is abforbed, and which part of it furnifhes 
fo much affiftance in the combuftion of bodies. 
You have already feen that fire, when in a ftate of 
combination with any fubftance, does not give any 
figns of heat ; and that the heat is greater, and it’s 
effets more rapid, in proportion as more fire is fet 
at liberty and difengaged. I have alfo told you, 
vhat atmofpheric airis formed of twoaeriform fluids, 

one 
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one of which, vital air, is neceffary to combuftion, 
and without which it cannot be carried on, while 
the other, phlogifticated air, is altogether impro- 
per for combuftion; to the former of thefe then, 
OF pure vital air, we muft look for affiftance fur- 
nifhed in combuftion, and the air abforbed. You 
know alfo that every acriform fluid is fuch, prin- 
cipally on account of the fire combined with it’s 
bafe; now pure air contains a great quantity of fire 
combined with it’s bafe. In the act of combuftion 
there is an influx of air to the heated body, at the 
fame time that the heat applied to the combuftible 
fubftance puts in action the fire contained therein, 
breaks it’s union with the fubftance, and weakens 
the aggregation of it’s parts ; the fire from without, 
orin the air, unites with the fire difengaged from, - 
the fubftance, the pure air is thus decompofed, it’s 
bafe or oxigene unites with the burning body, 
while the fire, being alfo difengaged, is united 
with the fire that commenced the inflammation. 
From hence there refults an augmentation of heat, 
which difpofes a great number of particles of the 
burning body to combine with particles furnifhed 
by the air, with which it js continually fupplied, 
and without this fupply the fire would go out. In 
this feparation of the air, the fire combined with it 
efcapes, and manifefts itfelf by it’s ufual characters, 
heat, light, and flame; and the more parts that are 
combined and fixed in a given time, the more fire 
will sc difengaged, and the more rapid and bril- 
liant will be the inflammation. 

In all combuftion vital air is decompofed, 
fire difengaged, and confe uently hear produced ; 
the heat ts greater or {-/ ccording to the nature 
of the burning body; fo: a-cording to the expe- 
riments of Mefirs, Lavoifier and De Ja Place, one 
ounce of charcoal confumes, in burning, 4037.5 
cubic inches of vita] air, and forms 3021-1 inches 

of 
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of fixed air. This ounce of charcoal confumes 
then 3 0z. 4 grs. of vital air, and forms 3 oz. 
§ grs. ot fixed air. 

*From what has been faid, it appears clearly, 
x. That combuftion is eminently promoted by vital 
air, which maintains combuftion. 2. That the 
more fire is difengaged, the ftronger will be the 
heat produced. 3. ‘hat the beft method of pro- 
dicing violent heat confifts in burning bodies in 
the pureft air. 4. That fireand heat muft be more 
intenfe as the air is more condenfed: and, 5. That 
currents of air are neceffary to maintain and ex- 
pedite combuttion. 

You may from thefe principles eafily account 
for the effect of the Argand or cylinder lamps; the 
current of air, which is renewed through the tube, 

fupplies freth air every inftant, and by continually 
“fupplying a new quantity of vital air to the flame, 
aheat is produced fufficient to ignite the fmoke. 
In the fame manner you may account for 
the vehement action of a blaft of air upon fire, and 
the parts of fucl. Some metals melt more eafily 
than others; iron is a metal which requires, for 
fufion, the utmoft violence of fire: notwithftanding 
. this difficulty, let a bar of iron be laid in a fmith’s 
forge till it has got what they call a white heat; 
when it is as bright and fparkling as it can be made, 
let it be taken out of the fire: then let a blaft of air 
from a common pair of bellows be firongly blown 
againft the heated extremity of the iron, which, 
inftead of being cooled by the blaft, will become 
more white and fhining than before, till by degrees 
it rolls about in a liquid form, fending out brilliant 
fparks in all directions, and falling with frequent 
drops to the ground. Ifa cannon bullet be heated’ 
in the like manner, bya large pair of forge bellows, 
it affords a glorious fpectacle,, which can be con- 
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are dazzled with the fight as when we look upon::. 
the fun. as 
The fmiths, whofe bufinefs lies at the forge, 
are fo well acquainted with this effect of a blaft of 
air againft ignited iron, that they cautioufly avoid 
expoling the metal too near to the nofe of their 
bellows. A fire-man, who. is but green in his prow 
feffion, is very apt to be catched with this accident 
from his bellows, by which he utterly f{poils the 
ttuif he works upen, by giving it what they call - 
the wind rot. In thefe rapid combuftions the 
fame quantity of heat and light is produced in a 
fecond of time, as in the ordinary methods would, 
require a much longer time. . 
This you will fee pleafingly exhibited in the 
next experiment, firft made by Dr. Ingenhouz. I 
take this picce of fine-iron wire, twifted into a 
{piral; I fix one of the extremities to the cork at, 
the top of the bottle, and to the other extremity a 
piece of tinder; I now fill the bottle with vital 
air, light the tinder, and introduce it and the 
Wire as expeditioufly as I can into the bottle, ftop. 
ping it with the cork. The moment you fee the 
under comes in contact with the vital air, it begins. - 
to burn with intenfity: ir has now communicated 
the inflammation to the iron wire, which has taken: 
fire ; obférve how rapidly it burns, and what bril. 
fiant fparks it throws out 3 thefe fall to the bottom 
of the bottle, and though they become black in 
cooling, yet they retain a degree of metallic {plen- 
dor. The iron thus burnt is more brittle than glafs. 
With the aid of vital air Profeffor Lichten- 
berger foldered the blade of a knife to a watch 
{pring. Meflrs. Lavoifier and Erhmann have fub- 
jected almoft all known bodies to the action of fire 
maintained by vital air, and have produced effects 
which the burning glafs could not have operated. 
Mr. Fofter, of Gottingen, found the light 
You. 1. zZ of 
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"of ‘the glow-worm fo beautiful and bright, in vital 
air, that one fingle infect afforded light fufficient 
to read a book printed in a {mall character. 


Or Flame. 


This is in general confidercd as a luminous va- 
pour, or in other words, as the vapour of a fubftance 
raifed by fire, and heated to fuch a degree as to 
emit light copioufly. 

Badies are capable of emitting flame only in 
proportion to the quantity of vapour that rifes from 
them: thus wood, coals, &c. which emit a great 
quantity of vapour, flame violently ; while lead, 
tin, &cc. which emit but a {mall fume, can fcarce 
be perceived to flame at all. 

To this rule there are, however, fome ex- 
ceptions ; fome vapours feem to be in their own 
nature uninflammable, and capable of extinguifh- 
ing flame, as thofe of water, as the mineral acids, 
{al ammoniac, arfenic, &c. while others, as ether, 
fpirit of winé, &c. take fire on the flighteft ap- 
proach of a flaming fubftance: the laft exhibit a 
remarkable phenomenon, as they cannot be made 
to flamé without the approach of fome fubftance 
previoufly in flames: thus, fpirit of wine poured on 
a red-hot iron, though immediately diffipated in 
vapour, will not flame; but if a burning candle 
touch it’s furface, the whole is fet ina flame at once, 
‘The cafe is however otherwife with oils, efpecially 
of the groffer kind, for their vapours will readily 
be changed into flame by the mere increafe of heat, 
without the approach of any flaming fubftance. 

There is probably, however, no kind of va- 

our but what may be converted into flame, pro- 
wided it be expofed to a fufficient degree of heat, 
Even the vapour of water, made to pafs through 
burning coals, is faid to produce a bright trong 
ame, 
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flame. It has been conjectured that when fmoke 
is converted into flame, the latent fire, which 
had combined with the vapour, is difengaged, and 
adds to the quantity of fenfible heat already mani~ 
fefted. 

If a veffel full of oil be fet over a fire, a fmoke 
or vapour begins to rife from it, which Srows pra~ . 
dually thicker and thicker, and at laft begins to 
thine at fome places near the furface of the oil; the 
heat does not exceed 400 degrees of Fahrenheit: 
but if a lighted candle be held in the fteam fora 
moment, the whole js immediately ‘converted inte 
Hame with fomething like an explofion, after which : 
the oil burns quietly until it is all confumed. 


Or THe Flame oF CanpLrs, 


This fubject has been already very well confi- 
dered by Mr. Nicholfon,* from whom we find that 
seas, being already combined with @ portion of 
vital air, does.not burn with fo luminous a flame 
as tallow or oil; but that it poffeffes a very gregt 
advantage in the fabrication of candles, becaufe it 
requires a greater degree of heat to melt it than 
either. of the other two fubftances, “a 

To underftand this advantage, you mutft con, « 
fider that oils do not take fire unlefs they be previe 
oufly volatilized by heat: the oil rifes between the 

" fibres of the wick’ by what is called capillary at. 
Sraction. Heat is applied to the extremity of the 
wick, which volatilizes and inflames a portion of 
the oil; as this is diffipated by combuftion, another 
portion rifes and fupplies it’s Place, by being heated 
and inflamed: in this Way a conftant combutftion 
is maintained. A candle differs, however, from 
alamp, in one very effential circumftance, that 
the tallow is liquified only as it comes to be in the 
vicinity of the conflagration, and this fluid is re, 

2 tained 
* Nicholfon's Firft Principles of Chemiftry, Pp 487, 
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tained in the hollow of the part which is ftill con- 
crete, and formsa kindofcup. To carry this fluid 


off as faft as it is formed, it is neceflary to have a 
Ahick wick, otherwife the oif will run down the 


fides of the candle ; but as wax is not fo fufible as 
tallow, the wick of a wax candle may be made 
much thinner than one made of tallow. 

Let us obferve the difference in the appear-~ 
ances produced by a thin and a thick wick. You 
obferve that in this candle with a thick wick, 
Mnuffed fhort, the flame is perfect and luminous, 
(which will be the cafe, unlefs the diameter be very 
great, when there is an opake part in the middle, and 
where the combuftion is impeded for want of air). 
As the wick becomes longer, the fpace between the 
top of the wick and the top of the flame is dimi- 
nifhed; confequently the oil pafling off at that ex- 
tremity having lefs fpace of eee to pafs through, 
js not fo completely burned, and _paffes off partly 
in fmoke: this evil continues to increafe until at 
length the upper part of the wick projects beyond 
the flame, and forms a fupport for an accumulation 
of foot, which is afforded by the imperfect com- 
buftion. A candle in this fituation affords fcarcely 
one tenth of the light which the due combuftion 
of it’s materials would produce ; and tallow can- 
dies, on this account, require continual fnuffing. 
But on,the other hand, if you obferve this wax” 


candle; you obferve that as the wick lengthens, the 


light indeed becomes lefs, and the cup is filled 
with melted wax. The wick, however, being thin 
and flexible, does not, as you fee, long occupy it’s 
place in the center of the flame, neither does it, 
when there, enlarge the diameter of the flame, fo 
as to prevent the accefs of air to the internal part ; 
but bending on one fide, when it’s length is too 
reat for it’s vertical pofition, it’s extremity comes 
yato contact with the air, and is. burned. to afhes, 
excepting 
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excepting only fo much as is defended by the cons’ 
tinual affux of melted wax, which is volatilized 
and completely burned by the furrounding flame. 
We fee, therefore, that the difficult fufibility of 
wax renders it practicable to burn a large quantity 
of fluid by means of a fmall wick; and that this 
fmall wick turning on one fide, in confequence of 
it’s flexibility, performs the office of fnufiing itfelf 
in a much more accurate mannei than it can ever 
be performed mechanically. 

Some further confiderations on a fubje& fo 
interefting, and fo often before mentioned, will I 
hope not prove unacceptable, : 

When a candle is for the firft time lighted, 
(which muft be done by the application of actual 
flame) a degree of heat is given to the wick, fuffi- 
cient firft to melt, and next to evaporate the tal- 
low furrounding it’s lower furface; and juft in this 
part the newly gencrated vapour is, by admixture 
with the air, converted into a blue flame; whith 
almoft inftantaneoufly encompaffing the whole bo- 
dy of the vapour, communicates fo much heat to | 
it, as to make it emit a yellowith white light. 
The tallow now liquified, as faft as it boils away 
at the top of the wick, is, by the capillary attrac- 
tion of the fame wick, drawn up to fupply the 
. place-of what is evaporated. The congeries of 
capillary tubes, which forms the wick, is black, 
becaufe it is converted into coal; a circumftance 
common to it with all other vegetable and animal 
fubftances, when the oil which enters into their 
compofition having been decompofed by combuf- 
tion, the more fixed part is by any means what 
ever covered and defended from thé action of the 
air. In this cafe, the burning fubftance owes it’s 
protection to the furrounding flame. For, when 
the wick, by the continual waiting of the tallow, 
becomes too long to fupport itfelf in a perpendi= 
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cular fituation, the top of it projects out of the 
cone formed by the flame, and thus being expofed 
to the action of the air, is ignited, lofes it’s black~ 
nefs, and is prefently converted into afhes. 

The part of the flame which comes into con~ 
tact with the air, appears of a élue colour. 
The inner part of the flame differs from the 
outer, in being much denfer, and emitting a ftrong 
yellowifh white light, which has. been called the 
light of ignition; while on the other hand, the 
blue lias been: fuppofed to conftitute the light of 
inflammation. Thefe two parts of the flame, dif- 
fering not only in colour, but almoft in every other 
property, ought to be difcriminated from each 
other by different epithets. The interior part may 
be confidered as.(what it really is) an ignited bo- 
dy, and the light emitted by it may be called the 
light of ignition; while that proceeding from the 
exterior portion, may be denominated the light of 
cCombuftion, for it is properly in this part of the 
flame, that the procets of combuflicn is carried’ 
on, and by that means a /ertizm quid produced ; 
thefucceeding phenomena being rather fequels to,. 
than making part of this procefs. When more 
vapour aicends than can combine with the air in 
a given time, the remainder by the continued ac- 
tion of the blue flame furrounding it, fuffers an - 
accumulated degree of heat, and is ignited, 


Or PiLociston.* 


It will be proper here to take notice of a 
principle which modern chemiitry affunnes, as ne- 
ceflary to the exiftence of inflammable bodies, as: 
that which renders them fuch, or in other words as 
the principle of inflammability. “Vbe French che~ 
mifts have’ indeed lately attempted to prove from 
the production of water, when inflammable and 

vital 
= Sy aa will be confidered more fully when we treat 
of elattic fluids. 
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vital air are mixed in due proportions, and kin+ 
dled in.a clofe veffel, that there was no fuch prin- 
ciple as phlogifton; and they have endeavoured 
to propagate and maintain their inference by coin- 
ing new terms, and forming a new language, to 
render their opinions univerfal, and fubjugate the 
mind of man to their tenets. How far there is any — 
foundation for their difcarding phlogifton, reafon-. 
ing from their own experiment will be, I hope, 
rendered evident, by the following part of this 
Lecture; which is principally extracted from Dt. 
Hutton’s “ Differtations on different fubjects of 
Natural Philofophy.” : : 

If you with to fee the errors in their reafon- 
ing, the falfity of their principles, and the vanity - 
and_weaknefs of their affumptions fully proved, [I 
muft-refer you to the excellent Ietters publifhed by. 
Mr. de Luc, in the Journal de Phyfique for 1790, 
1791, and 1792. ; 

Not content with the difcoveries they had 
made, they have endeavoured to explain combuf- 
tion upon a mifapplied and erroneous principle. 
They affert in theory, though they contradic the 
affertion in explanation, that v7tal air contains 
in itfelf the principle of fire, and that it is the fire 
lurking therein, that immerges upon the combina- 

tion of this air with the particular fubftance of 
the burning body. Placing the light and heat all 
in the vital air, they confider the phlogiftic prins, 
ciple exifting in the body itfelf as unneceffary, and 
have therefore profcribed it, in their tyrannical 
arrangement of the fubject. 

i think the confiderations Iam going to lay be~ 
fore you, will prove, that their theory does not 
explain the principal appearances for which the 
term phlogifton has been adopted in f{eience, and 
that they have therefore been only introducing er- 

Za -- ror, 
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. ror, by imputing certain effe€ts to improper and 
_ inadequate caufes. 

The doctrine of phlogifton, as underftood by 

modern chemifts, implies, that a quantity of fire, 

_ or the matter of light and heat, is occafionally con- 
tained in bodies as a part of their compofition; amt 
that thefe bodies poffefs this naturally diffufive 
fubftance, upon a different principle from that of 
beat, or any other befides this, which is peculiar 
to itfelf. Thefe bodies are called phlogiftic 
bodies. 

Phlogifton, thus confidered, feems to form a 
fubftance fui generis, differing from every other 
* fubftance in a body. It may be confidered as a trea- 
fure within them of light and heat, to be difpenfed 

in the abfence of the fun, both for the various pur- 
pofes of neceffity and convenience, in the cco- 
nomy of the world. 

On the fuppofition of phlogifton, the light 
which is propagated from a burning body, belong 
ed to that body, and made part of it’s fubftance. 

Inflammable bodies lofe their luminous fub- 
ftance in burning, after which they can by no means 
be kindled, unlefs their luminous fubftance be 
again rettored to them, which is done by the che- 
mical action of another phlegiftic body on the 
remains of the firft. But here alfo the fecond bo- 
dy is deprived of it’s phlogiftic qualities, while it 
reftores them to the firit; and becomes as incapa- 
ble of emitting light and heat inthe way of inflam- 
mation, as if it had already undergone that procefs 
in the moft complete manner. Examples of this 
are found,in the burning of zinc, of phofphorus, 
and fulphur; for after thefe bodies have loft their 
light and inflammability, thefe may be again re- 
ftored by means of a certain quantity of charcoal, 
which is thereby confumced, or lofes it’s combufti- 
. ble principle. 

‘ From 
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From the important changes produced in an 
inflammable body by burning, as well as from the 
amazing quantity of /ight emitted in that opera— 
tion, itis inferred, that the body has loft ¢ great 
and material part of it’s fubftance. It is allowed, 
that bodies in burning or calcining are combined 
with a large quantity of atmofpheric matter, which 
changes all their fenfible qualities; but it is‘alfo 
contended, that they are more changed than what 
they ought to be from the additions they have reo 
ceived, or the new combinations which have been 
formed. 

As the weight of bodies is not diminifhed by 
burning, it may therefore be juftly fuppofed, that 
there is in the conftitution of inflammable bodies 
a peculiar fubftance productive of their eminent 
qualities, a /ubfiance diftin®? from all matter that 
gravilates, yet a fubftance by which our organs of 
fenfation are immediately affected. 


Tue Reatrry or PuLociston provep BY 
Decomposition or Water, 


In the well conducted experiment of Mr, 
Lavoitier, we will fuppofe for the prefent the 
analytis of water to be well eftablithed; but in 
thofe experiments, by which the compofition 
of water is made to appear, the phlogifiic prin 
ciple will be found alfo to have acted it’s part, and 
you will find this elementary fubftance in that 
very operation oy which the compofition of water 
was detected. ‘ 

There are fomé circumftances concerning this 
important experiment, which feem to have efcaped 
the attention of the excellent chemifts who made - 
it, the neglect of which renders their theory im- 
perfect, their reafonings inconclufive, ji 
: In 
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In this inquiry, we abftain as much as poflible 
4rom every thing foreign to the fubject of phlo- 
gifton, and we only inquire into the nature of wa- 
ter, fo far as the production thercof is connected 
with the decompofition of that particular phlogiftic 
body we are to examine; we therefore need not 
confider the tryth of their theory, relative to the 
nature and conftitution of water. The doctrine of 
phlogifton is as independent thereof, as it is con~ 
trary to their deductions from the theory of water. 

One unknown principle, or element of water, is 
contained in the intammable air; the other ele- 
ment of water, the acidifying principle, is in the 
pure vital air; thatis, there are in vital air and in- 
flammable gas, two fubftances extremely attrac- 
tive of each other, which when fuffered to unite, 
faturate each other, and form a fubftance perfectly 
different from it’s conftituent parts. 

Or to be more particular, that inflammable air 
and vital air being mixed in due proportion, and 
this mixture kénd/ed in a clofe veflel, the two claf-— 
tic fluids difappear, anda quantity of water equal 
to the weight of the two bodies which were inclo- 
fed, is found in the veffel after cooling. From 
hence it has been concluded, that water is compo- 
fed of vital and inflammable air, and that there is 
not required any phlogifiie fubftance, in order to 
explain the phanomena of burning. 

That there is an immenfe produ@tion of light 
and heat, where the two conftituent principles of 
water are united, is allowed; and hence moft che- 
mifts are-perfuaded of the exiftence of a combina- 
tion of fire with the compofing parts, different from 
what is called latent fire, and conftituting what 
they call phlogifton. This is explained in the 
French theory, by the term calorigue, ufing the 
term here, as neafly fynonimous ta latent fire. 
But in this fenfe, the explanation is inadequate, 

4 for 


Nature ano Propertizs or Firr. 44} 


for the common doctrine of latent fire does not 
feem fufficient for the folution of the phenomena. 
For the materials mixed in this experiment do not 
unite without inflammation, and when made to 
unite, by being kindled, there are certain appear- - 
ancés not to be explained by the theory of latent heat. 

Now here it becomes an object of inquiry, 
what ingredients vital and inflammable air con- 
tain, which prevent their union. Confiftent with 
what is known of the laws of nature, this cannot 
be attributed to their latent fire. 

Tt is by this that they are maintained in their 
elaftic fate ; it cannot therefore be fuppofed, that an 
increafe of elafticity, and of courfe latent fire, can 
be any means of feparating that fire; that wher 
more is wanted to maintain them in that ftate, what 
they have alrcady thould be feparated trom them, 
or even that an increafe of fenfible heat fhould be 
the caufe of feparating the latent fire. ; 

There is, indeed, no foundation for fuppofing 
that the constituent parts of water in this experi 
ment are before inflammation kept feparate by la- 
tent fire; but that they are combined with other 
Jubfiences in fome particular ftate, by which their 
natural union is deftroyed. This leads us to exa- 
mine what happens, when by inflammation the 

Jnfammable fubllance is deftroved, and the two con- 
ftituent parts of water are united together. Z 

Of ail the operations of man exerting his {kill 
in nature, the inflammation of combuttible bodies 
‘is moft worthy of attention. Froma {mall quan. 
tity of matter, he preduces an immexfe power of 
heat; from nothing almoft he makes an artificial 
fun,-and difpenfes light without the aid of any 
thing, but what is in the compofition of the body 
to be burned. : 

But what is it that man does on this occafion ? 
He giveth the fpark, and all the reft is done by 
nature. An amazing quantity of light and heat is 

thus 
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thus produced, and the greateft poffible change 
takes place in what remains. The light and heat 
which before had been in the combuftible materi- 
als, are now difperfed in the univerfe, and what 
remains of thofe bodies, has loft the power of pro- 
ducing light and heat. 

Here is a fource of power of which man has 
availed himfelf; by. knowing the laws of nature, 
he rends the hardeft rocks, and raifes rivers of wa- 
ter from the bottom of his mine, by the action of 
* heat produced in the inflammation of combutftible 
bodies. 

But no fooner is the combuftion completed, 
than the body bas oj it’s power of inflammation, it 
is left a mafs of gravitating matter, no longer fer- 
yiceable to man as an addition to his natural 
ftrength. How then is the body to recover this 

ower? It was by emitting heat and light, that the 

urning body loft it’s power; it was by applying 
fire, that the decompofing operation was excited. 
We cannot thercfore look for the reftoration of 
that power by means of fire or heat. Nothing but 
the operations in nature can reftore again that pow- 
er, by fupplying it with a phlogiftic fubftance, 
again to be confumed, by which a body is formed, 
which may in a fimilar manner be ferviceable 
to man and the world. . 

Light and heat have been feparated on the uni- 
on of the two airs in forming ef watcr, and there 
is no reafon for prefuming that the latent fire was 
the caufe, which prevented. their union ; and fur- 
ther on inquiry it will be found, that there is no 
reafon to fuppofe, that the matter feparated, and 
acting as heat and light, was what had been retain« 
ed before as latent fire. 

That the latent fire of thefe aeriform fubftances 
would be fufficient to heat a folid body, equal to the 
moft intenfe degree of incandefcence, will be rea~ 

dily 
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dily granted. _ But you muft remember in the cafe 
before us, that where the water is formed, and 
heat appears, the two aeriform fluids, or rather the 
water into which they. are changed, does not con 
crete into a folid fubftance, but is at firft in the 
form of a vapour or fteam, which occupies 
as much {pace as the two aeriform fluids did, be~ 
fore they acted on one another, and «will therefore 
require the whole, or nearly the whole of their latent 
Jire, to give it that form, without being made fen- 
fibly hotter than they were before; but the flath, 
and other phenomena in the operation, fhew that 
there is a fudden manifeftation of heat, when the 
watery vapour is formed. This cannot be pro. 
duced by this latent fire, which only becomes fen~ 
fible, when the fluid containing it is condenfed 
or congcaled. 

Latent fire cannot be the caufe of the inflam 
mation which takes place upon the compofition of 
water, for on this fuppofition, they muft have 
emitted the light and heat, either in their conden- 
fed ftate of water, or in the ftate of vaporific ex 
panfion, If in the condenfed ftate, the luminous 
body muft be exceeding fmall, which is not the 
cafe, being a great flame. If on the other, they 
emit it in the expanded ftate, they emit a quantity 
which we cannot fay was their latent fire, for their 

‘ elaftic fluidity {till fubfifts, to which ftate it is ab- 
folutely neccffary. It muft therefore proceed from 
fome other modification of the folar fub{tance or 
fire in their bodies, which may with propriety 
be called a phlogiftic fubftance, before it’s emiffion 
from thefe aeriform bodies, as it is certainly fire 
the moment it is fet at liberty. 

4 Befides, there are iolid denfe fubftances (as fal. 
phur and ivon) which canbefuppofed to hold but lit- 
tle latent fire, which, when they are kindled in vital 
air, emit apparently as much light and heat as if 

they 
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they had been fubftances in an extremely expanded 
ftate: fothat if larent heat be the caufe, it muft be 
attributed to the air alone; on which unreafonable 
fuppofition, the inflammable air in the experiment 
we have been confidering would contribute nothing 
to the production of light and heat. 

According to the French theory, charcoal is 
confidered as anuncompounded fubftance, which, 
in burning, is fuppofed to be fimply combined 
with vital air; ere alfo the light and heat produ~ 
ced in burning the charcoal, remain to be explain- 
ed; for here, inftead of finding an expanfive fluid 
rendered concrete, we find a folid concreted 
fubftance expanded into the elaftic form of fixed 
air. We have therefore to inquire how, on the 
new theory, they can account not oply for. the 
light and heat of burning, but for the latent fire 
required to maintain the elaftic fluid. It muft 
explain the creation of the light, the fenfible heat, 
and the latent fire. : 

If more were neceffary on this head, I might 
refer you to Mr, Berthollet himfelf, the founder 
and fupporter of the French fyftem, In his trea- 
tife on the art of dying, he owns “that the receiv- 
ed principles of heat can only be confidered as fup- 
~politions.”” After this confeffion, it isto be hoped 
the advocates for the new theory will be more 
modeft, and not fo hafty, as to confider it demon- 
ftrated. Again, we find him own in the fame © 
work, that “ the heat of combuftion does not pro- 
ceed folely from the vital air, but is alfo furnithed 
by the burning body.” 

This is confeffing all that we contend for, 
namely, that in combuftion the /ight and beat is 
furnifhed partly’ by the combuftible body, partly 
by the vital air; but the greateft quantity by the 
cambuftible body. Thus is the difpute reduced to 
one of words, and as faras relates to this point 

: : the 
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the calorique combiné is nothing more than phlogi/~ 
ion, or the inflammable principle. : 

Before I conclude this part, J fhall lay before 
you a paffage of Mr. de la Metherie, which con~ 
firms what has been already mentioned; namely, 
that itis not the latent fire that fupports the elaftic 
ftate of vital air. He firft thews that this affertion, 
is contrary to their own theory, the proof of which 
would lead me into an uninterefting detail ; he then 
thews that the effects of vital air cannot arife from 
the combined ¢aloric,which renders this air elaftic : 
for there are numerous phenomena where vital air, 
not being in an elaftic ftate, produces the fame 
effect. The vital air in the nitrous acid, in the 
dephlogifticated marine acid, and in metallic calxes, 
is not in an elaftic ftate, yer produces the fame 
effects as when it is. All the combinations of 
nitre with combuftible bodics burn with activity. 
What a quantity of light and heat is difengaged 
from gunpowder by the finalleft fpark! If the 
powder be made with dephlogifticated marine falts, 
it will inflame and explode merely by friction, 8c. 
&c. M. de la Metherie brings forward many~ 
other important inftances to prove the fame point. 
T thall mention but one more: the caloric (fire) that 
keeps vital air in an elaftic-ftate, does not differ- . 
from the caloric which fupports other gaffes in the 
fame ftate; why do they not alfo exhibit light 
and heat when they lofe their elaftic ftate? From 
thefe reafons it is plain, that we muft not con- 
fider the effects of vital air in combuftion as owing ° 
to the combined fire, which is the caufe of it’s 
elafticity. 

Sentible heat and latent fire are mutually con- 
vertible; but from what has been faid, as well as 
from other reafons, it feems clear, that there is not 
a fufficient quantity of commutable fire in vital air 
to explain the incandefcence ofbodies; and con- 

fequently, 
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fequently, that they do not burn on account of 
latent fire. But I fhall alfo now fhew you, that 
when bodies emit light, in confequence of the de- 
compofition of their phlogiftic fubftance, this 
Juminous matter had not been derived immediately 
from any fpecies of heat; but tHat it is a luminous 
emanation proper to the decompofition of phlo- 
giftic fubftance, and is the fenfible effect and proof 
of that operation. 

- This is proved, firft, by fhewing that when 
inflammable bodies in a {tate of vapour are kindled, 
it is not the vapour heated to incandefcence that 
emits the light, ut the intenfe illumination that 
gives the beat. Secondly, bodies which have no 
more than the common temperature of the atmo- 
fphere, may emit light ‘by the emiffion of their 
phlogiftic fubftance. 

Now by confidering the flame of a candle, you 
will find proofs of the firft cafe. For if it be the 
emiffion of light which heats the elaftic fluid in 
contact with the luminous body, we fhall find a 
fteam of intenfely heated vapour afcending along 
the flame of the candle, without having the power 
teemit light. That thisis the caufe, you may eafily 
prove. ‘lake a {mall bit of clay, likea grain of 
corn, fufpend it by a flender wire above the flame 
of a candle; and let a fcreen be placed near the 
candle, fo as to hide the flame; and you will per- 
ceive that the ftream of heated air, which has no 
power of illumination, will heat the little body 
to incandefcence at a confiderable diftance above 
the flame. 

Light may be emitted on the decompofition 
of phlogiftic fubftances, not only without fuffi- 
cient intenfity of heat to form incandefecnce in 
any body, but without any perceptible increafe of 
heat in the body, which is to emit the light. 

Icxamples 
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Examples of this may be taken in living ani~ 
mals, which have a power of emitting light; alfo in 
the dead bodies of animals and vegetables going to 
decay. It is alfo well illuftrated by a chemical 
fubftance, Phofphorus; no body burns more fiercely 
than this, when it is kindled. Yet it may be 
decompofed by atmofpheric air, without burning 
in the ordinary manner, that is, without acquiring 
any fenfible degree of heat, far le(s of one capable 
of caufing incandefcence: this change however is 
not effected without the body emitting it’s phlogif~ 
ton in the form of light. ‘Now where are we to 
feek for this luminous matter, but in the refolution 
of the phlogiftic fubftance? I have thewn that ate 
mofpheric air does not give it in the form of com. 
mutable latent fire. It does not proceed from the 
increafed degree of fenfible heat; we are therefore 
conftrained to believe, that ‘in the decompofition 
of the phlogiftic body, the folar fubftance which - 
had been detained in the phlogiftic compofition is 
liberated, and efcapes in-the form of light. 

Thus it is plain, that phlogiftic bedics contain a 
certain quantity of the matter flight and beat, ina 
different flate from that in which the Jame matter is 
employed, either in the Suidity or expanfion of bodies, 
and which is not transferable in the manner of fenfi~ 
ble beat’; and this may be properly. termed their 
PHLOGISTIC PRINCIPLE. 

That this fubftance has not weight, can only be 
received as an objection by thofe who admit the 
univerfality of gravitation in matter, but can have 
no influence upon thofe who deny this principle. 

From what has been faid we may now gain a 
clearer view of the different modifications or ftate 
of the matter of heat and light in bodies. - ; 

Senfible beat is fire in a ftate in which it is 
transferable among bodies communicating together 
by immediate contact; every additional quantity in- 

Vou, I Aw oo ae 
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creafes the volume of the body, the abftraction of 
it diminifhes the volume; it alfo produces in fen- 
fitive bodies, the fenfation of heat and cold. 

Latent fire is of two kinds ; that of fluidity, 
and that of elafticity. The heat of fluidity is that 
quantity or modification of fire, which, without 
cither affecting the volume or the fenfe, caufes flu- 
idity ; that is, converts a hard concreted body into 
a fluid deftitute of hardnefs or concretion. This 
has nothing to do with the prefent cafe, as the bo- 
dies are equally fluid, before and after burning. 
The hicat of fluid elajlicity is that portion of 
the commutable and transferable fubftance of fen- 
fible and latent fire, which, inftead of increafing 
the volume in a fmall degree, or deftroying the 
hardnefs, feparates it’s parts indefinitely, and by 
which they acquire anelaftic and expanfive power. 
You have feen that the heat of burning bodies 
does not arife from the latent or expanding heat of 
the oxygenous gas. 

This famous experiment of burning the two airs 
in the forming of water, fhews that the phlogiftic 
matter in the compofition of bodies neither adds 
to their gravitation, nor impairs their weight ; for 
in this experiment, the quantity of light and heat 
is fo great a thing in proportion to the weight of 
the inflammable bodies, that, if this fugitive fub- 
fance had any effec upon the gravitation of thofe _. 
bodies to the earth, it muft have been fenfible up- 
on this occafion. 

Bodies which poffefs the quality of being emi- 
nently refolvible in giving light, are called inflam— 
muable, os combuftible bodies; but as itis often ne- 
ceffary to give a name to this transferable fubftance, 
chemifts have termed it phlogifton. 

Or tHe Propuction oF PHLocisTon. 

As phlogiftic bodies lofe their peculiar fub- 
flance by agencral and neceflary operation, there 

mutt 
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muft be another, or contrary operation in nature, 
whereby they regain it. For as this fubftance, 
whatever it be called, is wafted in burning of bo-- 
dies, there muft be another operation by which it 
muft be renewed; : . 

It is in animal and vegetable fubftances that we 
mutt feek for this productive operation; for water is 
not more effential to the conftitution of thefe orga - 
nized bodies, than phlogiftic matter by which they 
may be made to burn. 

Phlogiftic matter is abfolutely neceffary to ani- 
mal life, for animals miuft have a fource of heat, 
which in the cecontomy of their nature mutt be in 
perpetual wafte: of the deftrudion of phlogittic. 
fubftance, the confumption of vital air; which ne« 
ceflarily happens in the breathing of animals, is a 
fufficient proof. This vital ptinciple of the at- 
mofphere performs the fame function in the lungs 
of animals, as in the expetiment by which the rege 
neration of watet appears to be fo beautifully 
proved. Here then ts alfo a wate of atmofpheric 
air, which muft be again reftored to the fyftem of 
nature. 

Animal bodies, in whofe operations phlogifton 
is confumed, are fupplied immediately with this 
fubftance for their food. But as all animals 
are ultimately fed on vegetable fubftances, we 
are led to look to vegetation, or the procefs by 
which thefe fubftances are produced. It ishere we 
are to difcover the fource of this transferable fub_ 
ftance, which plants fupply in feeding animals, and 
which animals confume in the production of their 
heat. ae 
Next after animal life, in the confideration of 
Divine Providence, is’ placedthe vegetable fyftem. 
The earth is beautifully contrived for their fupport, 
and the proper object of the: mineral kingdom 
would appear to be the preparation of a foil, in 

Aaz which 
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which plants are to be fuftained. The folid rock, 
the moveable fand, the fluid wind, are all equally 
adapted to the fervice of the vegetable fyftem; a 
fyftem fo contrived, as to find in every climate 
proper foil, as well as in every foil proper cli- 
mate. 

But foil. alone will not fupply the neceffaries 
of life to vegetable bodies; the wholefome influ- 
ence of the air is as neceflary to them as to animals, 
although it feems toact on each in a different man- 
ner. We have now therefore to.examine how far the 
air corrupted, in it’s neceffary ufe by animals and 
burning bodies, fhall be reftored by that operation. 
of aplant, in which the air is required as a necef~ 
fary condition. 

‘That the atmofphere is purified by growing 
vegetables, was.a natural conjecture; this is now 
verified by the accurate experiments of Dr. Ingen- 
houz, and the beautiful theory of Mr. Lavoifier, 
on the compofition of water. By thefe we find, 
that in vegetation, phlogiftic matter is prepared, 
and vital air given-out. 

Plants muft receive their phlogiftic matter, ci- 
ther r{t, from the foil into which their roots extend ; 
or 2dly, from the atmofphere in which they grow ; 
or 3dly, muft generate it within themfelves, by 
means of materials received from without. 

With refpect to the firft means, it is well 
known, that the fertility of vegetable foil is ex- 
tremely increafed by the addition of phlogiftic fub- 
ftlances, fuch as are found in animal and vegeta- 
ble bodies; but thefe being ftill ultimately of 
vegetable production, it would be in vain to look 
here for a fource of phlogifton to repair the gene- 
ral wafte. 


Let us now therefore fee, what fupplies may be 
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the phlogiftication of vegetable bodies. When 
you furvey the earth covered with fuch various 
tribes of plants, and when you obferve the differ- 
ent foliage of thofe organized bodies, extended 
with fuch art as if defigned that no ray of light 
might efcape without paying it’s tribute to vegeta- 
tion ; and when you join to this, the faculty that 
plants have of turning their leaves always to thy 
light; fhould we not then conclude, that the expo- 
fing a Jarge furface tothe atmofphere for perfpira~ 
tion is not the only purpofe for which the foliage 
of plants, correfponding to the Jungs of animals, 
has been intended. . 

But more than probability is obmined, when 
we confider the invigorating power of light on 
plants, independent of the effects of heat and alr, 
and the neceffity of this luminous fubftance, though 
not to the life or vegetation of plants, yet to the 
proper increafe and production of vegetable fub- 
ftances. Here then is the place, where the com. 
bination of the folar fubftance is made for the pro- 
duction of phlogiftic matter. 

.To be perfectly affured of this, let us examine 
whether there is any effect proper to phlogiftic 
matter, which uniformly attends the expofition of 
vegetable bodies to the folar iight, and exifts only 
in confequence of this illuminating caufe. Now 

‘there is no effect of phiogiftic matter in bodies 
more certain, than colour, or blacknefs, by which 
the incident light is more or lefs abforbed in the 
fubftance of a body. Hence the production of a 
coloured fubftance in a body which was not cos 
foured before, may be confidered as an evidence 
that phlogiftic matter has been compofed in that 
body. But this is the cafe with plants; they only 
grow coloured, or acquire the green colour of 
their leaves, in confequence of being expofed to 
the light. * 
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This colouring fubftance is not produced in 
confequence of vegetation alone; for plants may 
vegetate in the dark, without acquiring this co- 
lour. It is not the effect of heat, like the black. 
nefs produced in a white vegetable fubftance, 
placed in the focus of a burning lens, becaufe plants 
growing in the dark, may have equal, or more 
heat, than thofe growing in the light, without 
acquiring any coloured fubftance. 

This theory may be confirmed alfo by obferv- 
ing the effects of the fun’s rays upon dead and liv- 
ing*plants. To the living bodies, it’s effects are to 
give colour ; on the other to difcharge it. It is in 
the organized body of the living plant, that phlo- 
piftic matter is formed by the combination of the 
folar fubftance. 

If you find the reftoration of vital air in the at- 
mofphere, proceeding in the fame progreffion with 
phlogiflic fubftance, you may conclude that this is 
the means employed by nature in re-eftablifhing the 
falutary quality of theatmofphere. This and other 
truths are proved by the fatisfactory experiments 
of Dr. Ingenhouz. : 

Plants growing in the fun, emit fromtheir leaves 
a pure vitalair, whereas growing in the dark, the 
production’ of this fabftance, as well as that of co- 
jour, is interrupted. 

Thus as in the decompoting of phlogifton,’ 
whether by breathing, or by burning, the atmo- 
{pheric air is corrupted’; fo again, on compounding 
phlogifton, by the growing of vegetable bodies 
expofed to the light, the atmofphere is reftored to 
it’s nature, © ( 

So much beauty of order and contrivance have 
been difcovered._in the economy of animal and 
wegetable bodies fuftaining themfelves in forming 
& certain circulation of matter, and employing the 
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great, the general agents of this world, air, LIGHT, 
cat, that nothing can be more interefting or 
important in the ftudy of nature. 

It may be neceflary to examine an objection 
which may be made to this theory, from the expe- 
riments of Sir Benj. Thompfon, who procured pure 
vital air in great quantities by expofing fk and 
various other bodies in funfhine to the water. His 
experiments, when confidered, will be found to 
give additional proof to this theory; he does in- 
deed fhew another fource for vital air befides what 
is procured from the vegetation of the inclofed 
leaves, but he by no means fhews that vital air is 
procured without vegetation; for vital air is never 
procured without water becoming green and turbid; 
but when we find the water becoming green, and 
animalcules appear, have we not. then every reafon 
to prefume that the animalcules have been fed on 
plants, and that thofe plants emitted vital air ? 

When in ftudying the fyftem of nature, we 
obferve, that every thing is in action for fome pur- 
pofe; that oppofite powers are continually ballan-. 
cing each other, or alternately prevailing; and that 
the general end in view is to contribute every thing 
requilite for the neceffities, for the conveniences of - 
animal life ; we find ourfelves pleafed with this fub- 
ject of contemplgtion, and intereited in what re- 
-lates to nature, y 

We may now endeavour to take a general view 
of that contrivance which may be. perceived in the 
means employed by Divine Providence for the 
important operations of fuftaining animal life, and 
forming of the inert mafs of this earth a living 
world. . a 

In this fyftem of organized matter, which is 
comprehended in the idea of the world, the emana- 
tion of matier from the fun may be confidered as one 
of the prime movers of the machine, At the fame 
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time, gravitation, which is another of thofe powers, 
would foon bring all the matter of this machine to 
reft, and would lock up every body ina ftate of 
the moft abfolute inactivity. Confequently, if we 
reafon confiftently with our own ideas, it is not 
either by the one or other of thofe two great agents 
alone that the natural operations of this world are 
conducted, but by the joint action of them bath ; 
each, at the fame time, having it’s peculiar office, 
which it is the bufinefs of fcience to diftingmith. 

‘Thus that-great agent which regulates our pla- 
netary fyftem, and gives life to nature, acts upon 
the ‘furface of this earth; and. it there performs 
different operations, according to the various con- 
ditions in which it acts. Under the form of heat, 
it feparates and diftends unorganized matter or fim- 
ple bodies, and it fufpends the hardnefs or parti- 
cular attractive powers of their fubftance. Or- 
ganized and fenfitive bodies, again, it affects with 
the fenfations of light and heat; but in another 
{pecies of organized living bodies, that is, plants, 
which have no fenfe, no knowledge, no means of 
underftanding, it produces peculiar effects; it 
paints the various colours, fo to fpeak, of their 
diftinguifhable parts ; it gives them their peculiar 
virtues, which arc various fpecific taftes and {mells; 
and it fteres them with a certajp fubftance, from 
which they derive the general property of occafion-- 
ally exciting light and hea. 

- ‘From this fublunary ftore, then, of the folar 
fubftance, we are to Jook for the emanation of-fuch 
virtues as belonged to the parent power. Accord- 
ingly, in plants thus prepared by the hand of Pro- 
vidence, are placéd the fuftenance of animal life, 
and all the comforts which attend a living, feeling, 
and perceiving being. ae ee 

For this purpofe of cherifhing life, it is ne- 
eeflary to diftribute to animals, from the yegeta- 
: 2 ct ble 
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ble ftore of nature, heat and light proportioned -to, 
their neceffities, and apportioned to the various 
purpofes for which thofe active powers are allot. 
ted. This active principle, then, is amply pro- 
vided to animals in thefr food; and, while the 
growing bodies of thofe animals are increafed with 
the neceflary nutriment which comes from plants, 
at all times the vital functions are properly fugain- 
ed with that fubftance which had been originally 
of vegetable production. 

But in order to accomplith thofe defigns, this 
folar fubftance ftored in the vegetable bodies muft 
be refolved from it’s confined ftate, and this muft 
be performed according to fore meafured opcra~ 
tion. It is here that fo much wifdom or contric 
vance is to be perceived in the operations by which 
animals acquire their heat, and by which bodies, 
naturally opake, are made to imitate the luminary 
of the world, and to fupply his place for all the 
purpofes of life. 

Suppofing thofe faés to be fufficiently evin- 
ced, let us now extend our views into the general 
fyftem of material things, in applying thofe inve~ 
ftigated principles of action to the neceflary opera~ 
tions of this world. 

Here is an objecd highly worthy of our atten- 
tion. To contemplate a fyftem in which, while 

~ the various purpofes of a world fo bountifully pro- 
vided for are ferved, there is exhibited a {till more 
interefting profpect ; it is that of finding perfec- 
tion manifefted in each part of nature, Now, this 
muft be the cafe, fo far as in this great, in this 
amazingly complicated machine, we can fee no 
ufelefs matter, no inefficient form, no ynappro- 
priated action, and no fuperfuous power. If wif. 
dom regulates this great machine, if order is efta, 
blifhed in it’s infinitely multiplied and minuteft 
_ Parts, (as we haveeyery reafontofuppofe,) how sa 
:  fanc 
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fant is it to behold the manifeftation of unbounded 
power conducted with benevolent defign! What 
fatisfaction to an intelligent mind to obferve per- 
fect order in the moft complicated parts of nature ; 
to trace the efficient, as well as to perceive the 
final caufe; and to fee-the wifdom in which ends 
have keen benevolently chofen, and means effec- 
tually appointed for the accomplifhment of thofe 
ends ! 

If the wifdom of man is to be employed in 
conducting fcience for the greateft benefit to human 
nature, what end can be propofed more effectual 
for producing happinefs in a thinking being, than 
is the manifeftation of a Supreme Power, who acts 
with’ juflice and with wifdom? But, in finding 
the perfect adjuftment of ends and means in every 
part of nature, we neceffarily conclude, that there 
is.a fuperintending Being, whofe power and wifdom 
far exceed the comprehenfion of our fubordinate 
capacity. ; 

It is not to evince thofe metaphyfical and 
moral truths that the -phyfical fyftem of things is 
here inquired into; but it is the phyfical fyflem 
that I would now fupport by metaphyfical and 
moral arguments ; being perfuaded that thofe dif- 
ferent branches of fcience, when taken in a philo- 
fophical or general view, ferve to throw mutual 
light upon each other. 

It muft not be alledged, that natural philofophy 
js not concerned with final caufes; (he contemplation 
of ends without means would add nothing 10 the value 
or luftre of human wifdom, and FAR LESS WOULD THE 
KNOWLEDGE OF MEANS WITHOUT ENDS. It muft 
not appear idle fpeculation to difcover the con- 
ne@tion of efficient. and final caufes; for, as in 
feeing- means properly adjufted to an end, we may 
perceive the wifdom of Providence, fo, in acknow-~ 
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trying every theory with refpc& to phyfical caufes : 

for, every law of nature being thus neceffarily con- 
ceived to be in wifdom, we have in this a mile by 
which to try every pretended law of nature. Now, 
though we may not thus pofitively difcover what 
‘we want to know, we may negatively attain our 
end, in diftinguifhing what is erroneous. 

This world confifts in a fyftem of moving 
bodies, actuated by a caufe, and tending to an 
effect ; that is, ina defign, where ends have been 
contrived, and means are appointed for ae 
to thofe ends. Here is a propofition which fhoul 
be well examined; for thus may be underftocd the 
proper object of natural philofophy, which is the 
general fclence of things. Philofophy is not em- 
ployed in tracing the {pecial order of events in the 
Progrefs of changing things: this is the Province 
of the particular fciences. The Proper purpofe of 
philofophy is to fee the general order that is eftac 
blithed among the different fpecies of events, by 
which the whole of nature, and the wifdom of the 
fyftem, is to be perceived. 

Whether we conceive this world as a mecha- 
nical machine, effecting it’s purpofe by the apti- 
tude of it’s various parts ; or as a chemical procefs, 
changing the fenfible qualities of the different 
bodies of which it is fo properly conftructed; there 

‘are neceffarily required powers in order to a@uate 
that moving fyftem in which we live. Now, here 


ma{s; and heat, on the other, by which means 
reft, the ultimate effect of gravitation, thould be 
removed from this united mafs containing organized 
living bodies. When, on the one hand, gtavita- 
tion is fuppofed to Prevail, bodies are made to form 
an inert mafs, in which could be no fyftem or no 


change, 


364 Lacrurss ow Naturar Puizosorny. + 


change. When heat again prevails, bodies are 
difperfed as matter moving in fpace without a pro- 
per purpofe: but by a juft combination of thofe 
two different powers, we find moveable and moving 
«bodies properly difpofed in a great and connected 
fyttem of things, where a circulation of matter is 
eftablifhed, where the deftruction of every indi- 
vidual thing is only the means employed for repro- 
ducing others of the fame fpecies, and where the 
natural tendency of every living thing is to pre- 
ferve itfelf, and thus to maintain that order of 
things which is perceived in this world. 

Without the influence of the fun, this world 
would remain an ufelefs mafs of inert matter; but 
with that influence, which is diftributed fo wifely 
in the different regions of this earth, we find mo- 
tion is excited among the invifible parts of bodies, 

lants are made to grow, and animals are enabled 

to live, and find the means of purfuing their vari- 

.ous ceconomy : but, in the abfence of the fun, there 

" js required fire; this is an inferior fource of light 

and heat; and this is a fubordinate caufe of action 

or efficiency in that mafs of gravitating matter 
which otherwife would be inert. 

Now it is not poffible to explain this fource 
of action, this neceflary caufe of vital motion, upon 
gtavitating principles alone; for however we may 
multiply and combine attractive caufes, nothing~ 
will hence refult but reft, as the end ar the effect. 
But this is not the cafe when we confider this mafs 
of gravitating matter actuated by that powerful 
influence which appears to be derived from the 
fun, and which counteracts that tendency to reft 
inherent in the matter of this globe. Here we have 
two moving caufes conftantly operating in the 
fyftem; powers varioufly oppofing each other’s 
action, and alternately prevailing; confequently a 
aufe for ation and re-adtion, without any abfo- 
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lute reft. Thus thofe oppofing powers confpire to: 
form a fyftematic order in material things, an order 
of moving bodies, which neither of thofe caufes 
fingly could have accomplifhed, and an order of 
hfe and circulation, which the conftant action of 
the one power, and the continual or repeated in 
fluence of the other, certainly maintains. 

It is in tracing the various fteps in this fyftem: 
of material things, (a fyftem fubfervient to our 
fenfe, and conducive to the enlargement of our 
intellect,) that natural philofophy is employed. 
However, therefore, the mere chemift may take 
for granted, or as principles, fire and heat, with~ 
out inquiring into their caufe, a natural philofopher 
muft explain from whence it is that heat fhould’ 
come on all occafions, and how that heat is to be 
employed in the fervice of the fyftem. Hence the 
laws of heat and cold, of condenfation and expan 
fion, of the retenfion and emiffion of light, are 
equally neceffary in the fyftem, and proper to be 
known in the philofophy of nature, as is the mea- 
furing of that power by which the planets are* 
preferved in their orbits, or by which is eftas 
blithed the fpherical figure of this globe. 

Thus the fyftem of this world depends on ve-- 
getation. Vegetation, again, depends on light, 
as wellas on heat; and both thefe requifite con~ 
ditions are procured by the influence of the fun: 
but, for vegetation, light and heat are no more 
neceflary than asa proper fupply of humidity, and 
other requifite conditions which are obtained from 
the atmofphere. Therefore it is here neceflary to 
fee that particular law of nature on which the prof- 
perity of plants, and the economy of living bodies, 
depend. 

How much reafon, then, have we to admire 
the tyftem of Providence! We fee and feel with 
pleafure the ends which are attained ; and we never 

fail 
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fail to be gratificd in proportion as we comprehend 
the means which are employed. The circumvo- 
lution of our globe, ina fyftem of planetary bodies, 
rendered it neceffary that we ihould have day and 
night, funmmer and winter, that is, alternate fea- 
fons of light and darknefs; the neceflities of our 
animal nature required the provident feafons of 
fpring and autumn; and, to fenfitive beings, the 
occafional abfence of the fun demanded a fubor- 
dinate fource of light and heat. Now all thefe 
ends appear to be attained by the proper adjuft- 
ment of the two different fpecies of matter, viz. 
of that by which bodics are expanded, and made 
foft or fluid, and of that by which they gravitate, 
and become hard and folid; of that .matter by 
which they are naturally coldand dark; and of that, 
again, by which they may occafionally become hot 
and luminous. It is in thefe effects that we are 
enabled, firft, to read the laws of gravitation and 
chemical attractions; fecondly, to form a judg- 
ment with regard to the nature of the matter which 
is confidered as flowing from the fun; and, laftly, 
to fee the various modifications of that folar fub- 
ftance by which the inert bodies of this world are 
actuated, contrary to the natural tendency of their 
gravitating matter. 


LECTURE 
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LECTURE Ix, 
Or Firs, . 


Le will be my endeavour, in this Leéture, to ex. 
plain to you fome other properties of that 
wonderful clement, fire, with which all bodies in 
nature are imbued, furrounded, and penetrated, 
and which fills up every interval between their 
particles.* The ancient heathen philofophers, 
when they contemplated the wonderful privilege 
of man in enjoying the ufe of the element of fire, 
perfuaded themfelves it was a privilege too great 
for man’s eftate in this world, and that it was 
originally ftolen from heaven, and that the very 
theft was the crime which brought ajl manner of 
evil into the world. 

Ladtantius, a chriftian father, among other 
arguments, to fhew the fuperiority of man in the 
creation, and the immortality of his nature, pro. 
duces this, that of all the creatures known to us, 
man is the only one who has the command and ufe 
of the element of fire. He is familiar with that 
heavenly fubftance, without which there is neither 
light nor life, while the moft ferocious of beafts 
are alarmed by it, and fly from it. He is entrufted 
* with a power moft like to that of God himfelf, who 
has the direction of all the elements; he, therefore, 
has a privilege which diftinguithes and fets him 
above all other creatures. How dreadful would it 
have been if brute creatures had been entrufted with 
the fame liberty, if there had been the ufe of fire 
where there is not the ufe of reafon ! Sorry am I 
toadd to Ladtantius, that in this, as in every 
other inftance, man too often abufes the liberty 
with which he is bleffed, and Perverts it to the de- 

ftruction 
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ftruction of his fellow creatures. Happy will be 
the day when men, inftead of flattering themfelves 
with the enjoyment of abftract rights, fhall con- 
fider their refpective duties, and employ themfelves: 
in fubduing their own paffions, inftead of raifing 
evil and malignant difpofitions in others: then 
would all, under every form of government, enjoy 
real liberty, liberty to do all poffible good, and-be 
reftrained from all evil; and thus there would be 
fafety to the perfons and properties of every indi- 
vidual. Give me leave to introduce a paflage on’ 
this fubject froma writer whom I fhould be happy. 
to introduce to your acquaintance, as a real friend 
of liberty and freedom of thought, whofe writings 
are characterized by their peculiar and unaffected 
candour, great good humour, and found reafon- 
ing; a writer who at times, as in the following 
paffage, can innocently fport and play, and at 
other times employ all the mafculine energy of 
truth in protecting virtue, or detecting falfehood. 
Speaking of liberty, he thus accofts her: ‘Hail 
glorious liberty ! the choiceft privilege of imperial 
man! the prerogative by which he exercifes his 
dominion over this fublunary kingdom! thou de- 
lighteft to dwell in this my native land, the happy 
Britain | whofe fons in former times have ftruggled 

hard for thee, enduring diftreffes, toils, and bloody: 
confli@s, that they might tranfmic thy bleffings to ~ 
us their children. Thou haft fnapped thort the tron 
rod of defpotic fway, broken through the enormous 
rule of many made for one, and taught power 
wherein it’s real ttrength and true glory confifts. 
Thou haft dragyed tongue-tied /uperftition at thy 
chariot-wheels, and bound in fetters that daftard: 
flave implicit faith, that ufed to fetter the very 
‘thoughts of men. ‘Thou openeft the chambers of 
. f{cience, burfting afunder the 7pfe dixits that_had 
barred up more than half the avenues. Thou 
cleareft 
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cleareft away the film from our eyes, that we may 
fee for ourfelves ; and ftrengtheneft our feet that 
we may walk without a leading-ftring. O let us 
never part with the valuable inheritance our an- 
ceftors have left us; nor, I truft, fhall we ever let 
it lip out of our hands: let us only beware that we 
be not begniled by falfe appearances, nor enticed 
away from our goddefs by a phantom reprefenting 
her likenefs. 

For there are counterfeits abroad, pretenders 
that affume thy robe and geftures. The mimic ape, 
licentioufuefs, imitates thine intrepid air, and con- 
fident gait. The blatent deaf prophanes thy daring 
language with his unbridled tongue. Conceited 
pertue/s teaches the new loofened fchool-boy, and 
the novel-ftudied girl, the fcorn of tutorage and 
controul, Irreverent fanatict/a, ill-copier of thine 
eafy carriage before fuperiors, rufhes with faucy 
familiarity into the council-chamber of heaven. 
And lion-tkinned /ree-thinking, fafe affector of thy 

~—bravery, infults whom thou’ haft difarmed, ten 
times flays the flain, and claims to be the fole 
gatherer of thy fpoils. They range the world with 
a boiftcrous rabble tagging at their heels ; clamour, 
arrogance, mifreprefentation, perverfenefs, cavil, 
intemperate jeft, loud-laughing mockery, and hood- 
winked mifrule. They {pare not things facred nor 
prophane, but pluck the grey beard of experience, 
tear the prelate’s lawn, revile the rulers of the 
people, and fpare not the Lord’s‘anointed. The 
unlucky monkeys tofs all about them in confufion, 
and grin at the wild work they make; they fcatter 
abroad_fire-brands and® arrows, and cry, Are.we 
_hotin fport? They delight to trip up the unwary, or 
‘entangle the feeble in their webby filaments, and 
then chuckle with joy to fee the perplexities they 
‘have occafioned, 
But thou, geuuixe Hberty, offspring of all-pro~ 
Vou. Bb » tecting 
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tecting Jove, and fifter of Uranian Venus, whe 
difpenfeth his bleffings from her horn of plenty, 
thou lovelt order and decency; for thou knoweft the 
world is upholden by order, and the blifs ot heaven 
maintained by free obedience. Therefore thou 
rccommendeft regularity and fubordination to the 
fons of men: thou ftandeft upon Jaw and ordinance 
as thy bafes; rule and authority as thy fupporters ; 
Sound reafon and uniform prudence as the ground 
thou walke& upon ; diferction and cautious referve 
go before as thy harbingers; and much-enduring 
‘charity departeth not from thy fide. ‘The modeit 
virgins warn thee which way to direct thy fteps, 
that thou hurt not the fimple, or cover thee with 
veils that thou give them not offence; for when 
thou walkeft forth in the fields of fpeculation, or 
ftretcheft thy ken to the fources of ufeful fcience, the 
weak-fighted cannot fuftain thy picrcing }ook, nor 
the feeble ftand againft the bruh of thy flurdy 
tread.”’* 


» 
Or ‘cur Frerxc or Gunpowprr. ie 
The fudden explofion or detonation of gunpow- 
der is the next effect of fire which we have to con- 
fider, an effect which geve rife to the preceding 
reflections. Defowafies is a fpeedy and rapid in- 
flammation, which occafionsa noilfe by the inftan~ 
taneous formation of a vacuum. ; 
Gunpowder is a compofition confifting of /ult- 
petre, fulpbur, and charcoal ; a mixture whofe 
powerful effects are derived from it’s great combuf- 
‘tibility. The principal things to be confidered in 
making of gunpowder, are the goodnefs of the 
ingredients, the manner of mixing them, the pro- 
portion in which they are combined, and the 
drying of the powder after it is made. 
Saltpetre and fulphur mixed together give no 
explofion ; 
® Tucker’s Light of Nature purfued. Vol. 2, part g. pe 299+ 
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explofion; fulphur and charcoal give no cxplofion; 
and though faltpetre and charcoal, when intimately 
united, do give an explofion, yet it is probably of 
far lefs force than what is produced from a mix- 
ture of the three ingredients. 

Tf faltpetre be expofed to a ftrong heat, it 
melts, and becomes red-hot, and the volatile pro- 
duct is found to confift of fuming nitrous acid, a 
large quantity of vital air, fome phlogifticated air, 
the alkali remaining behind. 

When a combuftible fubftance and faltpetre 
be brought into contact, either of them being 
previoufly heated red-hot, the body is heated with 
great rapidity; no doubt from the vital air which 
is difengaged by the heat, as the experiment fuc- 
ceeds in vacuo, and alfo when the bodies are fur 
rounded by an acriform fluid incapable of main- 
taining combuftion. 

The rapid combuttion effected by nitre, when 
it is performed by a fucceffive burning of the parts 

~ofa body, is called deflagration; when it is per- 
toxmed in fo fhort a time as to be nearly inftanta- 
neous, it is called, as was obferved before, detouation. 

It is remarkable in this experiment, that the 
combuftion is maintained by the vital air combined 
with the nitre: it is this property of the faltpetre 
that has been applied to the production of gun- 
powder. 

This deftructive powder is compofed of 7 
parts, by v.cight, of nitre, 9 4 of fulphur, and 15 $ 
of charcoal; thefe fubftances are intimately blended 
together by being triturated from ten to fifteen 
hours in wooden mortars with peftles of the fame 
fubftance ; a fmall quantity of water is added from 
time to time to moiften the mixture; when the 
whole of the fluid is cvaporated, fo that the powder 
will not foil an earthen plate, it is carried to be 
granulated, which is effected by pafling it through 

b2 fieves 
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fieves whofe perforations are of various fizes; and 
thefe being fhaken or rolled in a barrel,-take a 
rounded form. from their friction againft each 
other. 
From the experiments of Meffrs. Beaumé and 
Dvarcy, it is clear, 1. That good gunpowder cannot 
be made without fulphur. 2. That charcoal is in- 
difpenfably neceffary. 3. That the quality of gun- 
powder depends, ceteris paribus, upon the care with 
which the materials are blended together. 4. That 
the effec of gunpowder is greater when fimply 
dried, than when it is granulated. 
All the phenomena which aitend the inflam- 
mation of gunpowder, depend entircly on it’s great 
combuftibility. ‘The intimate mixture which has 
-fo great an influence on the force of gunpowder, is 
the principal caufe of it’s effects ; the nitre is equal- 
ly difperfed among all the particles of very com- 
buftible matter; as the quantity of nitre is greatcft, 
each particle of fulphur and charcoal is furrounded, 
‘and as it were covercd with nicre. Nitre affords, —~ 
by the application of heat, great quantities of ‘vi- 
tal air. ‘The fame thing therefore happens in this 
combuftion, as is obferved, when a combuftible 
body is plunged into a vefiel filled with vital air; 
that is to fay, it is burned w ith greater vivacity, 
and in lefs time, than in conumon atmofpheric air. 
It follows therefore, that the fulphur and the 
charcoal muft be burned in an inftant, being 
plunged in au atmofphere of vitalair. Hence the 
rapid decompofition of nitre, and the rapid inflam- 
mation of the powder. This, together wich it’s ta~ 
king place in cloie veffels, may in a great degree 
account for the violent force with whichit explodes, 
and drives every obftacle before it. 

The quantity of fire difengaged at the moment 
of detonation contributes contiderably to the ex- 
panfive effect of gunpowder. Although fire pene- 

trates 
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trates through the pores of every fubftance in 
nature, it can only do fo progreffively, and ina 
given time: hence when the quantity difengaged at 
once is too Jarge to get through the pores of the 
furrounding bodies, it muft neceffarily a@ in the 
fame way with ordinary claftic fluids. This mutt 
at leaft take place in part when gunpowder is fet 
on fire in a cannon; for although the metal is per- 
meable to fire, the quantity inftantaneoufly difen- 
gaged is too large to find it’s way through it’s pores; 
it muft therefore make an effort to efcape on every 
fide ; and as the furrounding refiftance, except at 
the muzzle, is too great to be overcome, this effort 
is employed in expeiling the bullet. 

Fire produces a {econd effect from it’s expan- 
five force, which caufes the aerial fluids difengaged 
at the moment of deflagration to expand with a 
degree of force proportioned to the temperature. 
Its probable alfo that a quantity of inflammable 
air is difengaged at the inftant of deflagration, 
which expanding contributes to the force of the 

~-explofion, You will eafily conceive how greatly 
titis circumftance muft increafe the effect of the 
powder, if you confider that a pint of inflammable 
air weighs only one grain and two thirds; hence 
a {mall quantity in weight mutt occupy a very large 
{pace, and muft exert a prodigious expanfive force 
in paffing from a liquid to an aeriform ftate of ex- 
itence. Laftly, a portion of undecompofed water 
is reduced to vapour during the deflagration of 
gunpowder; and as water, in vapour, occupies 
17 or 1800 times more fpace than in it’s liquid 
flate, this circumfMance muft aifo contribute largely 
to the explotive force of the powder. é 

The permanently claftic fuid generated in the 
firing of gunpowder, is calculated by Mr. Robins 
to be about 244, if the bulk of the powder be 1; 
and that the heat generated at the time of the ex- 

Bb 3 plofion, 
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plofion, occafions the rarified air thus produced to 
occupy about 1009 times the {pace of the gunpow- 
der. This preffure may therefore be called equal to 
1000 atmofpheres, or 6 tons, upon a {quare inch. 

Weare told of a fingular circumftance which 
attends the firing of gunpowder ; that, although it 
feems to generate it’s own air, and expand by the 
force of it’s own matcrials, a feed of the common 
thiftle with it’s down, or any other light body, fuf- 
pended near fired gunpowder, is always driven 
inwards towards the powder before it is driven off 
by the explofion. 

The effects of this mixture are nothing in 
comparifon with thofeof another, called fulminating 
powder ; which is made by rubbing together in 
a hot marble mortar, with a wooden peftle, three 
parts by weight of nitre, two of mild vegetable al-. 
kali, and one of flowers of fulphur, till the whole 
is accurately mixed. If a drachm of this powder 
be expofed to a gentle heat in aniron ladle, it melts, 
and foon after produces a detonation as loud as the 
report ofa cannon, ‘This phenomenon is the more= 
extraordinary, as the effect thereof is productd 
without inclofing the powder in any inftrument. 
Tr is explained by obferving, 1. That this ex- 
periment only fucceeds by gradually heating the 
mixture fo as to melt it, 2. That if fulminating 
powder be thrown on ignited charcoal, it only de-* 
tonates like nitre, but with very little noife, 
3. That a mixture of liver of fulphur with nitre, 
in proportion of one part of the former and two 
of the latter, fulminates with more rapidity, and 
produces as louda report as the mixture of fulphur, 
nitre, and alkali. Hence it appears, that when ful- 
minating powder is heated, liver of fulphur is 
formed before the detonation takes place; and this 
will ferve to account for the whole appearance. 

Inflammable air is formed from the liver of 

fulphur, 
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fulphur, while the falt gives vital air; thefe two 
wre capable of producing a ftrong inflammation, 
and are fet on fire bya portion of the fulphur; but 
as the thick fluid they are obliged to pafs through 
prefents a confiderable obftacle, and as the whole 
rakes fire at the fame inftant, they ftrike the air 
with fuch rapidity, that it refifts in the fame man- 
ner as the chamber of a mufket refifts the expan- 
fion of gunpowder. A proof of this is obfervable 
in the effect the fulminating powder ‘has on the 
bottom of the ladle in which it explodes. The 
bottom of this is bulged outwards, and the fides are 
bent inwards, in the fame manner as if it had been 
acted on by a force directed perpendicularly down- 
wards, and laterally inwards. . 

Tie moft furprizing iajance of chemical detona~ 
zion is that by the combination of velatile alkali 
with filver; gunpowder, and fulminating gold, 
are not to be compared with this new product ; as 
the former requires ignition, and the lateer a fen~ 
fible degree of heat, to make it fulminate. But 
the flighteft agitation or friction is fufficient to 
cwafe the fulminating filver to explode. When 
i is once obtained, it can no longer be touched. The 
falling of a few atoms of this preparation from a 
fmall height, produced the detonation: a drop of 
water falling on it had the fame effect. Ne attempt, 
therefore, can be made to inclofe it in a bottle, 
but it mutt be let alone in the capfule, wherein, by 
evaporation, it obtained this terrtble property. To 
make this experiment with fafety, no greater quan- 
tity thana grain of filver fhould be ufed, and the lait 
deficcation fhould be made in a metallic veffel, and 
the face of the operator defended by a matk, with 
holes for the eyes defended by ftrong glafs. ‘The 
explofion, asin the former inftances, depends upon 
the fudden formation of aerial fluids. . 

Bby Or 
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Or Soturion, 


This is another operation of fire, which 
is connected more or lefs with every pheno- 
menon in nature. When the parts of a folid 
body, as common falt or fugar, are fo united 
toa fluid as water, that they compofe with it an 
apparently homogeneous fluid, remain fufpendéd 
in it, and do not deftroy it’s tranfparency, the folid 
body is faid to be diffolved in the fluid; the opera- 
tion is called olution, the fluid is called the /olvent, 
or more commonly the menfiruum ; the compound 
refulting from the union of the fluid and the body, 
is called a folution of this or that body, in this or 
that menftruum. 

In chemiltry, the terms /olution and diffolution 
chave long been confounded, and have very impro- 
perly been indifcriminately employed for expreffing 
both the divifion of the particles of a falt ix a fluid, 
fuch as water, and the divifion of metals in an acid. 
A few reflections on the effect of thefe two opera- 
tions, will foon convince you, that they ought nei 
to be confounded together. 

In the folution of falts, the faline particles 
are only feparated from each other, but neither the 
falt nor the water are at all decompofed ; we are 
able to recover both the one and the other in the. 
fame quantity as before the operation. The fame 
thing takes place in the folution of refins in alco-~ 
hol. Onthe contrary, during metallic diffolutions, 
a decompofition either of theacid, or of the water 
which dilutes, always takes place ; the metal com- 
bines with the acidifying principle, is changed into 
a calx, and an claftic fluid is difengaged, fo that 
none of the fubftances employed remain, after the 
operation, in the fame ftate as before. This article 
is confined to the confideration of folution. ‘ 

he 
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The neceffary conditions for folution, are a 
certain accommodation of the parts of the folvent 
tothofe of the folvend, and a proper aoe of mo- 
tion or agitation to apply the parts of the one to 
the parts of the other: of this motion fire is the 
general caufe. You may illuftrate this by an eafy 
experiment: if you place a ball of clay in cold 
water, it remains at reft, and the fluid continues 
pure as before ; but if you fet this water over the 
fire till it boils, the clay is foon diffufed through 
it, and the whole is turbid as long as the parts of | 
the water are agitated by the fire ; but when the 
water grows cold, the clay fubfides to the bottom, 
and leaves the water clear, The parts of the clay 
being {pecifically heavier than thofe of the water, 
ought to fubfide in them; but this is prevented by 
4 motion from the parts of fire. If they are pro- 
perly agitated, they are fufpended in the uid; and 
If they are fufpended, it follows that they are agi- 
tated. From extraordinary cafes we are to learn 
what happens in thofe that are ordinary, It ishere 

- evident, that fire, by it’s motion, feparates and 
‘ufpends the parts of a folid body in a Huid. : 

Where the motion of fire is violent, the folu- 
tion is quickly accomplifhed, and a very large 
quantity of the folvend is fuftained ‘in the fluid 
medium. Therefore, in all ordinary cafes, where 

- the folution is flow and gradual, and the quantity 
fifpended is but inconfiderable, the fame effect ig 
produced by that imperceptible inteftine motion, 
which conftantly agitates the atmofphere and all 
things therein.” The conttant exhalations from 
the furface of water, fhew that there muft be a 
perpetual motion of it’s particles ; and moft men. 
ftruums are rendered fuch, and derive all their 
activity from fire, which co-operates with, and 

gives them their proper effect, 
All falts may be liquificd by fire alone, but with 
different 
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. different degrees of temperature. Some of thefe, 
as -the acetated pot-afh and foda, liquify witha 
moderate heat; whilft others, as vitriol of pot-afh, 
 Yime, &c. require the ftrongeft fires that can be 

_ made. This liquifaction of falts by jire produces 
. exactly the fame phenomena as.were explained to 
you when I treated {of the liquifaction of ice. 
Fire is employed and fixed during the melting of_ 
the falt, but is dé/engaged when the fait coagulates.. 
Thefe are general phenomena which occur univerfally 
during the paffage of every [pecies of fubflance, Srom 
afolid toa fluid fate, and from fiuid to folid. 

The phenomena which arife in the folution by 
: firé alone, are always more or lefs conjoined with 

- thofe that take place during folutions in water: 
» and the nature of the folution of a falt by fire, 
determines the nature of a folution by water. If, 
for inftance, a falt be difficultly foluble in water, 
~ and readily by fire, it evidently follows that it will 

‘ be eafily folved in hot water, though not in cold, 
But if it be {carce foluble either in water or by fire, 
the difference between hot and cold water will be 
very inconfiderable. Thefe confiderations thew, tha” 
there is‘aneceffary relation between the folubility of 
falt in water, and the degree of temperature at 
. which the fame falt liquifies by fire, unaffifted 
\. by water; and that the difference of folubility in 
hot-or cold water, is fo much greater in proportion - 
- to it’s ready folution in fire, or in proportion to it's 

fufceptibility of liquifaction in a low degree of 
temperature. Hence, the rcafon why falts are 
more rapidly foluble in hot than in cold water, is 
perfectly evident; in all fOlutions of falts fire is 
employed ; when fire is furnithed intermediately 
from the furrounding bodies, it can only arrive 
flowly to the fale; but when the requifite fire exifts, 
ready to act with the water of folution, it operates 
directly on the falt. 

: That 
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That the power of folution is not in the water, 
is evident from the following experiment: Let 
fome water boil over the fire in a glafs veffel, caft 
into this fea-falt bya little at a time, and you will 
find, that after a large quantity has. been diffolved, 
the water will be as’ tranfparent as before; which 
thews the folution to be perfect. Then let the vef- 
' fel be removed from the fire, and as the water be~ 

gins to cool, fome falt will fall to the bottom; as 
it approaches nearer to the temperature of the air, 
more and more of the falt will be depofited; and 
hence we argue, that as fire keeps the larger quan- 
tity fufpended, what remains fufpended at laft, is 
fupported by the ordinary effect of the remaining 
heat ; and that if water could be found without fire, 
it would be without the power of folution. And 
indeed this power never fails to leave it at a certain. 
period, as when the water is frozen into ice; be» 
caufe a folid mafs cannot aé as a folvent. The 
fame medium that gives it fluidity, makes it a 
menftruum, and it’s diffolving power increafes with 
it’s heat. Water is therefore a folvent only as far 
as it is enabled to be fo by fire, and confequently, 

in fuch folutions, not water but fire is the agent. 
If you take an ounce of common falt, and 
throw it into a quart of water, in a very little time, 
efpecially if the water be ftirred, the falt will dif- 
‘appear, being uniformly difperfed through the 
whole body of the water. If youadd another ounce 
of falt, that willalfo be diffolved, but not fo fpeed- 
ily as the firft. By this power of folution you may 
add fo much falt to the water, that it will not dif- 
folve one particle more ; the water in this ftate is 
properly enough faid to be faturated. This how- 
ever does not prevent a certain quantity of another 
falt being diflolved, and after that perhaps a third 

ora fourth, 

Or 
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In this procefs, the integrant parts of a folid 
body are feparated from each other by the interven- 
tion of a fluid, coalefcec, and repreduce a folid mafs. 

When the particles of the body are only fepa- 
rated by fire, and thereby retained in a liquid ftate, 
all that is neceflary to make it cryftallize, is to 
remove a part of the fire, which is lodged between’ 
it’s particles, in other words, to cool it. If this 
refrigeration be flow, and the body be at the fame 
time left at rett, it’s particles affime a regular ar- 
rangement, and cryftallization, properly fo called, 
takes place. But if the refrigeration be made ra~ 
pidly, or if the liquor be agitated at the moment 
of it’s paffage to the concrete ftate, the cryftalliza- 
tion is irregular and confufed. 

The fame phenomena occur with watery fo- 
lutions, or rather in thofe made partly in water and 
partly by fire. So long as there isa fufficiency of. 
fire and water to keep the particles of a body afun- 
der, the falt remains in a fluid ftate; but’ when 
thefe are not prefent in fufficient quantity, the fale’ 
recovers it’s concrete form, and the cryftals pro- 
duced are more regular, in proportion as the eva- 





poration is flower and undifturbed. 


All the phenomena we formerly mentioned as 
taking place during the folution of falts, concurin . 
acontrary fenfe during their cryftallization. Fire 
is difengaged at the inftant of their affuming a fo- 


, lid flate: a further proof of the agency of fire. 


Hence to make faltscryftallize, which readily liquify 
by means of fire, itis not fufficient to evaporate the 
water, but the fire united with them muft alfo 
be removed. Saltpetre, alum, &c. &c. are in- 
flances in which to make the falts cryftallize, 

refrigeration muft be added to evaporation. On the 
other hand, fuch faitsas require but little fire to be 
kept 
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kept in folution, and which from that circumftance 
are equally foluble incoldas warm water, are cryf 
tallizable by evaporation alone, and even recover 
their ftate in boiling water. The feparating mat- 
ter being removed, the falrs affume a form natural 
to their ftate, or, in other words, cryftallize. — 


Or CrariricaTion, 

This is effected cither by feparating the grof- 
fer particles, and hetcrogencous matters, from 
liquors, fo as to leave them clear and tranfparent ; 
or by rediffolving the parts, which are tending to 
a precipitation, that they may be equally diffufed, 
fo as to become invifible. When the precipita- 
tion is occafioned by that contraction which pro- 
cecds from cold, heat is the natural remedy. If 
wine is grown thick and turbid with cold, a gentle ~ 
warmth will promote a folution, and make it clear 
again. Urine, when exceedingly turbid, may be 
reftored to it’s former tranfparency, by applying an 
heat equal to that of the human body. Some bo- 
dies are purified when the fire carries off the bafer 
part, and leaves the finer: thus gold and filver are 
purified in the furnace. Other matters are purified 
by the fire carrying off the finer part, and leaving 
thofe which are too grofs to afeend : thus fea~wa- 
ter is made frefh by diftillation. But the effect of 
fire is never more manifeft in this clarifying work, 
than when it raifes a {cum to the top of a boiling 
liquor. Fire purifies in many other ways known 
to chemift-painters, dyers, and other manufacto- 
ries. The word purity is beft accounted for by 
deriving is from <u, fire, becaufe fire is the grand: 
agent which purifies all things. 


Or Opours. 


Odours are fo generally excited and even ge- 
nerated by the action of fire on various fubftances, 
that 


382 Lecrurss on Narourar Puitosopur. 


that fome of them feem to owe their exiftence to 
it. The powder of brimftone is inodourous when 
cold. But nothing has a more pungent fmell than 
the vapour thereof when opened and diffufed by 
fire. Vinegar has but little fmell in the common 
temperature of the atmofphere, but when heated, 
it is exceeding ftrong and penetrating. Little or _ 
no {mell is perceived in the frefh bone ofan animal; 
» but if it be laid on the fire, the fmell will be dif- 
fufed through the whole houfe. It is the fame 
with feathers, which are intolerably foetid when 
fcorched in the fire. This offenfive /mell ts a crite~ 
rion of animal fubfiances, as diftinguifhed from ve- 
getable, and has been ufed to determine to which 
of thefe kingdoms the corals and coralline bodies 
belong, that are taken out of the fea. All the 
odours arifing from putrifying bodies depend much 
upon the action of heat; and it appears to be the 
defign of Providence, that when carcafes are moft 
fubject to putrify, and become noxious with the 
heats of fummer, there isa gencration of flies 
fwarming in the air, ready to remove all offences 
as faft as poffible, by a voracious breed of mag- 
gots. In extreme cold, there is no fmell from 
dead bodies, becaufe there is no putrifaétion. As 
the moft fragrant liquors when frozen emit nofmell, 
fo the carcafes of men and beatts which have died , 
upon that vaft ridge of mountains, the Andes, in 
South-America, are reported to have been found 
untainted for many years. 


Or tHe pirrerENT MeEruops OF EXCITING AND 
COLLECTING Fire. 


There are three methods of exciting-fire: 1ft. 
By the collifion or fri¢tion of folid bodies. 2. By 
fermentation or effervefcence. 3. By uniting the 


folar rays. 
Collifion 
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Collifion or fridion of folid bodies, is the 
means moft generally ufed for exciting the a@ion 
of fire, The vacuities of all folid bodies are replete 
with fire, fo that it is impoffible to agitate or fepa? 
rate their parts fwiftly, without giving the fame 
rapid motion to the element contained within 
them. When a piece of hardened fteel is ftruck 
with a flint, fome particles of the metal are {craped 
awuy from the mafs, and fo violent is the fire which . 
follows the ftroke, that it melts and vitrifies them. 
If the fragments of ftecl are catched upon paper, 
and viewed with a microfcope, you will find mot 
of them perfect fpherules, and very highly polith- 
ed. Their fphericity demonftrates they have been 
in a fluid tate, and the polith upon their furface 
fhews them to be vitrified; the fire being difenga- 
ged with violence, difpofes the particles of the 
jubftance to combine with the vital air, while 
this air accelerates the combuftion. The whole 
of the heat produced, is not afforded by the body 
itfelf, becaufe in proportion as the interior fire is 
difengaged, the external air acts upon the body, 
and gives out fre. : 

Icis not, as I have already obferved to you, every 
agitation, that raifes heat in bodies. 4 Sell, or other 
Sonvous body, may receive a froke, by which all the 
particles of the metal are throwninto a vibratory 
motion, which continues for fome time, but is not 
attended withany heat. ‘The following conditions 
feem to be requifite: ft. That one body fhould 
be in contact with another. 2. That it thould 
move fwittly ever it: which conditions are implied 
in the term afirition. Thefe effects are more or 
lefs rapid and violent, according to the nature of 
fhe fubfance, and the degree and duration of the 
collifion, or the degree of friction. Friction is in- 
creafed by prefiure and velocity ; therefore the clo- 

fer 
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fer the contact, and the fwifter the motion, the 
more vigorous is the fire. 

If the irons at the axis of a coach-wheel are 
applied to each other, without the interpofition of 
fome unctuous matter to keep them from immedi- 
ate contact, they will become fo hot, when the 
carriage runs fwiftly along, as to fet the wood on _ 
fire; and the fore wheels being fmalleft, and’ 
making more revolutions, will be moft in danger. 
The fame will happen to mill-work, or any other 
‘machinery, if the neceffary precautions are neglect- 
ed. tis no uncommon practice with a blackfmith 
to ufe a plate of iron as an extemporancous tinder- 
box ; for it may be hammered on an anvil, till it 
becomes red-hot, and will fire a match of brim- 
ftone. A {trong man who ftrikes quick, and keeps 
turning the iron, fo that both tides may be equally 
expofed to the force of the hammer, will perform 
this in lefs time, than would be expected. If in 
the coldeft feafon you lay one denie iron plate on 
another, and prefs the upper one, by a weight, on 
the lower one, and then rub the one over the other, 
by reciprocal motions they will firft grow warm, 
and at length fo hot, as in a fhort time to emit 
fparks, and at Jaft grow red-hot, as if taken out of 
a vehement fire. 

Tt is not neceffary that the fubftance fhould be , 
very hard; a cord rubbed backwards and forwards 
fwiftly againft a poft or a tree willtake fire; a 
ftick of wood prefied againit another which is turn- 
ed fwiftly about in a lathe, will foon make it turn 
black, and emit fmoke. Even the palms of your 
hands, if you rub them brifkly together, when they 
are dry, will fmell as if they were feorched. The 
method of exciting fire by rubbing two fticks of 
wood together, was anciently practifed by country 
people, and is ftill retained in fome parts of the 
world, “The manner is exactly deferibed in Cap- 

tain 
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tain Cook’s voyage. The inhabitants of New . 
Holland are there faid to produce fire with great 
facility, and {pread it in a wonderful manner. To 
produce it, they take two pieces of /oft dry woed ; 
one isa ftick about eight or nine inches long, the 
other piece is flat. The ftick they fhape into an 
~obtufe point at one end, and preffing it upon the 
other, turn it nimbly by holding it between both 
their hands, as we do a chocolate mill, often fhifting 
their hands up and down, and then moving : 
down upon it to increafe the preffure as much as 
poffible. Bythis method they get fire in lefs than two 
minutes, and from the fmalleft fpark they increafe it 
with great fpeed and dexterity. This is the fact, 
to which a reflection is added, which calls for 
indignation; the more fo, as it has been adopted 
and propagated for the purpofes of atheifm and infi-~ 
delity, by fome writers of a neighbouring nation. 
“« There are few things (fays the editor of the 
voyage) in the hiftory of mankind more extra_ 
ordinary than the difcovery and application of 
fire, It will be fcarcely difputed, that the man. 
ner of producing it, whether by collifion or at- 
trition, was difcovered by chance. Thefe circum- 
ftances confidered, how men became fufficiently 
familiar with it, to render it ufeful, feems to be 2 
problem difficult to folve.” The following ob. 
fervation by the Rev. Mr. William Jones, on this: 
paflage, is well worth your attention 3; Indeed I 
know of fcarce any man’s writings, which can be 
ae fafely recommended to you; they are replete 
ith original obfervations, and are founded upon 
the foundeft and beft principles both of reafon and 
revelation. On the foregoing quotation he obferves, 
“ that thefe reflections might well have paffed for 
the fpeculation of a New Hollander ; and that we 
need not be furprized to finda fimilar one in the 
Fafti of Ovid, an heathen writer. But, that 
We. I. Ce people 
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people in achriftian, civilized, philofophical coun- 
try, whom Divine Providence has bleffed with a 
knowledge of the true origin of mankind, and their 
earlieft hiftory, fhould condefcend to fuch poor and 
weak conjeGures, is afymptom of prefent infidelity, 
and approaching barbarifm. The firft family, 
placed by the Creator upon this earth, offered fa>~ 
crifices, which being an article of religious duty, 
they were certainly poffeffed of the means of per- 
forming it, and confequently of the knowledge and 
ufe of fire, without which it could not be practifed. 
The Bible account is natural, and more agreeable 
to the goodnefs of God, and the dignity of the 
human fpecies, than to fuppofe, on the principles of 
a wild and f:vaye philofophy, that men were left 
ignorant of an clement defigned for their accom- 
modation and fupport. 

« To interdict a man from the ufe of fire and 
water, was accounted the fame, in effect, as to 
fend him out of life; fo that if men, upon the 
original terms of their creation, were thus inter- 
dited by the Creator himfelf, as the heathen my~- 
thology fuppofed them to be, they were {ent into 
life upon fuch terms as others were fent out of it. 
If you admit any one fuch gloomy fuppofition, 
where fhall we ftop? If mankind were left defti- 
tute of the knowledge of fire, perhaps they were 
Jeft without food, without cloathing, without rea- 
fon, and in a worfe condition than the beatts, who 
are born with the proper knowledge of life: but 
man receives his knowledge by education; there- 
fore he who taught the beafts by inftinct, taughe 
man by information.” 


Or FERMENTATION AND ErFrERVESCENCE. 


Thefe feldom take place withour exciting 
heat, which is fometimes fo great as to break out 
inte 
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into actual flame. Pour an acid on an alkali, and 
an effervefcence is excited productive of heat ; pour 
water upon oil of vitriol, and you will produce a 
great degree of heat, often fufficient to break the 
veffel, if it be compofed of fragil matter; pour 
upon oil a highly concentrated acid, the fermen- 


~ . tation will be great, and the tire difengaged will 


often burft into actual fame: a mixture of water 
and fpirit of wine will alfo manifeft heat. Thefe 
effects are produced by the friction and collifion of 
the particles of the different fubftances, by which 
Jire is expelled, and the fpace it occupied is filled 
up by the mutual penetration of the fluids. If the 
heat produced be very great, the ambient air is de- 
compofed, and an inflammation enfues. The pe- 
netration of the fubftances is eafily proved, for 
their bulk is lefs after the mixture than before. 
If you mix a pint of water with a pint of fpirit 
of wine, the mixture will not fill a quart, which 
clearly evinces the mutual penetration of thé fube 
ftances. In fermentation, and every operation 
which changes the nature of bodies, fire is difen+ 
gaged, to anfwer the purpofe of the new compound: 
hence in chemical operations, cold is fomctimes 
produced, and fometimes heat. 

PutrifaGion is alfo a fpecies of fermentation. 
An putrifaction bodies are heated by the fire which 
is then difengaged, while the bodies are combined. 
with particles from vital air. 

Ifa large quantity of hay be laid together in 
too moift a ftate, it will by degrees take fire: this 
is eafily accounted for, when you confider how 
much fire is left, which fhould have been carried. 
off in vapour ; this moifture and fire are expelled by 
the prefiure of the hay; the fire being excited and 
unable to efcape as faft as it arifes through the pores 
of the incumbent matter, the agitation and attri- 
tion are fo increafed, that it breaks out into actual 


Cce2 flame, 
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flame, and confumes the fubftance. So intenfe is 
the heat when a large ftack of hay is on fire, that 
the fubftance of the hay is often turned into glafs. 

The third means of exciting the aétion of fire 
is by the rays of the Jun. Thefe rays warm all 
fubftances which are expofed to their action ; they 
infinuate themfelyes among the particles of the~ 
body, and adding to the quantity of fire it alrea- 
dy contains, heat is produced. The effect of thefe 
rays, when collected by mirrors, or by lenfes, into 
a focus, is very great. Ifa great number of plane 
mirrors receive the rays of the fun, and thefe rays 
are fo directed as to fall upon the fame fubftance, 
the body will be confiderably heated, and more fo 
in proportion to the number of rays that fall on the 
body. So long as the rays preferve their parallelifm, 
but little heat arifes from them; but when they are 
thrown together in various directions, and return 
upon themfelves, either by the action of air, or by 
attrition, or by the refractions and reflections of * 
burning-glaffes, they work together with an ex- 
panfive force, and never fail to affect us with a 
fenfe of hear. 

Prefent a concave mirror to the rays of the 
fun, fo that the plane of the mirror may be as nearly 
as poflible perpendicular to the incident rays before 
the mirror, a bright cone of light will be formed ; 
the reafon of which I thall explain in the Lecture 
on Catoptrics. If you place any fubftance at the 
apex of this cone,-it will be quickly melted, burnt, 
calcined, or vitrified, according to it’s nature. 

In the fame manner, if you expofe a convex 
lens to the fun, fo that it’s axis, when prolonged, 
may be nearly parallel to the incident rays, a cone 
will be formed behind the lens, in the apex of 
which the fame efiect will be produced as with the 
concave mirror. 

The folar light willa& as the moft violent fire, 

3 even 
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ven in vacuo: it will act alfo in the fame manner 
on the top of the coldeft mountains. Nay, Mr. 
de Sauffure thought it more powerful on the top 
of the mountain than on the plain below. Thus 
we find the folar light producing heat where there 
is {carce any other fubftance prefent, that we know 
of, but the light itfelf, and the body to be acted 
upon. 

From thefe experiments we may conclude, that 
by whatfoever means the folar rays are united, they 
produce heat, which is more active in Proportion as 
a greater number are collected together in the 
imalleft fpace. The activity at the focus of a lens 
is relative, not only to the number of rays collected 
together in a given fpace, and confequently to it’s 
furface or diameter, but alfo to the manner in which 
they are collected; for if between the lens and it’s 
focus, and at about two thirds the length of the 
axis of the luminous cone from the lens, you place 
another fmaller convex lens, this lens will increafe 
the convergence of the rays, and thereby augment 
their activity, although there may be fewer rays 
collected together ; for many of them are inter- 
cepted by the folid parts of the lens. From whencé 
it follows, that the focus is More powerful in pro- 
portion,as the rays collected together form amongit 
themfelves more obtufe angles, 

The effects produced by a convex lens depend 
on it’s tranfparency and figure ; every tranfparent 
fubftance of the fame figure will produce the fame 
effects: thus, a burning lens may be formed of ice, 
or even a bottle of water. In the fame manner, 
the effects of concave mirrors depend only on the 
polifh of their furface and the figure, fo that they 
may be made of plaifter of Paris, paper, &c. The 
parallel rays of the fun might go on for ever, and 
give little or no fenfation of heat; but as foon as 
they are turned upon each other by the refrations 

Ceo 3 of 
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of a convex lens, or the reflections. of 4 concave 
mirror, heat is the immediate confequence: how 
intenfe foever the fire at the focus may be,. it va~- 
nifhes the inftant the glafs is removed. ‘The folar 
rays alone do not produce heat; for when they are 
acting onany fubftance, you may place your finger 
within a few inches of the largeft burning lenfes with 
as much impunity as if you were 20 feet diftant. 

We may conclude from thefe experiments, 
that where light proceeds in a confiderable quan- 
tity from a point, diverging as the radii of a circle 
from it’s center, there a confiderable degrce of heat 
will be found to exift, if an opake body with no 
great reflective power is placed at, or very near the 
point. The action of the light may, in this cafe, 
be confidered as the ultimate caufe of the heat. 

If the point from which the rays are emitted 
be in a tranfparent medium, as air or water, that 
medium withcut the prefence of an opake body will 
not be heated: another caufe therefore of heat is 
the refiftance of the parts of the body on which the 
light falls. 

If a body capable of reflecting light very co- 
pioufly be brought near the lucid point, it will not 
be heated ; a penetration therefore of light into the 
fubftance, and aconfiderahle degree of refiftance on 
the part of the body to the action of light, are re- 
quifite to the production of heat; confequently 
thofe bodies wiil conceive the greateft degree, into 
whofe fubftance light can penetrate beft, i.e. which 
have the leaft reflective power, and which moft 
ftrongly refift it’s action, as is evidently the cafe 
with black and folid fubftances, 

-- Archimedes is the firft we read of who ufed 
burning-glaffes of confiderable power. It is related 
of him that he fet fire to the fhips of Marcellus by 
means of a burning-glafs, compofed of {mall fquare 
mirrors, moving every way upon hinges, which 
a es ; when 
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when placed in the fun’s rays, directed ¢ 
the Roman ficet fo as to reduce it toa 
diftance of a bow fhot.* Many of the difcovecies 

cf this wondertul man have appeared fo much above 

the reach of man, that among the learned it has 

been found more eafy to call them in doubt, than 

to inveftigate the means whereby he had acquired 

them; and fome have boldly denied what they did 

notunderftand. ‘This wasthe cafe with his mirror, 

the poflibility of producing fuch effetis being de- 

nied, till it had been in fome degree reaitzed by 

Father Kirchcr and Mr. Buffon; the latrer availing 

himfelf of the contrivance of Archimedes, formed 

a burning-glafs of 168 fmall plain mirrors, which 

produced fo confiderable a degree af heat, as to fet 

wood in flames at the diftance of two hundred and 

nine feet, melt lead at 120, and filver at so. 

The lens of M. de Tfchirnhaufen, which was 
between three and four feet diameter, and whofe. 
focus was rendered more vivid by a fecond tens, 
vitrified tiles, flates, pumice ftones, &c. in a 
moment; pitch and all refins were melted 
even under water; the afhes of vegetables, wood, 
and other matters, were tranfmuted by it into glafs; 
indeed it either melted, calcined, or diffipated into 
fmoke, every thing applied to it’s focus. 

Mr. Parker, of Fleet-ftreet, made a lens of 3 
feet diameter. of flint glafs, which, when in it’s 
frame, expofeda furface of 2 feet 84 inches to the 
folar rays; it had a fmall lens fitted to it, to con- 
verge the rays and heighten the effect. The expe- 
riments made with this lens are too numerous to 
be related here; it will be only neceffary to obferve, 
that they were made with much greater accuracy 
than any made by other glaffes. The following 
TABLE will give you a general idea of it’s effects. 

Ce 4 TABLE 
* Duten’s Enquiry into the Origin of the Difcoveries attributed 
to the Moderns, 
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TABLE 
OF 
Subftances Fufed, with their Weight and Time of 
Fufion. . 

Weight] Time 
Gold, pure - - 4 
Silver, do. - - - 3 
Copper, do, = . - - 20 
Platina, do. 7 - = 3 
Nickell - - - 3 
Bar iron, a cube - ra 12 
Caft iron, a cube - - 3 
Steel,acube ~- = = 12 
Scoria of wrought iron - - 2 
Kearth - - - 3 
Cauk, or terra ponderofa a 7 
A topaz, or chryfolite - - 45 
An oriental emerald - - 25 
Chryftal pebble - - 6 
White agate = - - 30 
Flint, oriental - - - 30 
Rough cornelian - = 75 
Jafper - - - 25 
Onyx ~ - - - 20 
Garnet e = eS 17 
White rhomboidal fpar_ - 60 
Zeolites ~ - - 23 
Rotten ftone -~" 7 - 80 
Common flate - 2 
Afbeftos < - oe 10 
Common lime-ftone - - 55 
Pumice-ftone ~ £ 24 
Lava - - - ss 7 
Volcanic clay . - - ~ 60 
Cornish moor-ftone - - | 60 
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This (fig. 8, pl. 5,) reprefents the ufual mode 
of mounting large burning lenfes; the large lens 
is placed ina frame AB, the fmaller lens in the 
frame CD parallel thereto, and conneéted to the 
larger ene by the ribs of wood a,b, c, d, gf. H 
is the apparatus for fupporting the fubftance that 
is to be expofed to the rays of the fun. The whole 
is f{upported on a femicircle E FG, by which the 
lenfes may be placed in a proper direction to re- 
ceive the rays of the fun. The femicircle is fu 
tained by a {trong pillar and claw. 


Or tur Metuops or AUGMENTING OR DIMINISH~ 
ING THE ACTION or Firg, 


The fir? method is to increafe the quantity of 
fuel; the /econd, to concentrate this action, and 
prevent it’s being difipated in too great a fpace; 
thirdly, to direét the action of the fire to one place; 
Sourthly, to blow the fire with vital air, 

The fir? method is familiar to every one. You 
all know that by adding fuel a fire may be in. 
creafed: the quantity of fuel laid on the fire, 
muft, however, always be proportioned to it’s bulk 
and degree of inflammability. No fubftance can be 
inflamed without vital air, and the developement 
of phlogifton; and this only takes place at a cer- 
tain degree of heat. If the fire be fmall, and the 

’ fubftance large and damp, the fire is extinguifhed 
before a fufficient heat can be communicated to the 
fubftance. In the fame manner a candle is extin~ 
guithed by inverting it, the tallow which runs upon 
the wick not being fufficiently heated for inflam- 
mation. 

The fecond method is ufed by artifts and che~ 
mifts, by means of their furnaces, which they en- 
deavour fo to conftruct, that the fire contained 
therein may become a center of activity, whofe rays 

firiking 
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ftriking the top of the furnace are thence reverbera~ 
ed, and concentrated fo as to act. with greater force. 

The third method is put in practice allo by a 
variety of artifts, who concentrate and direct the 
flame by means of the blow-pipe or bellows : the 
flame thus dircéted is of force fufficient to melt 
giafs, enamel, and metals; for by this means, the 
fluid proper for combuftion is introduced into the 
flame, and a great heat excited at the place re- 
quired. Thus the ctfect of the moft violent heat 
of furnaces may be preduced by the flame of a can- 

’ dle or lamp, urged upon a froail particle of any 
fubftance by the blow-pipe. 

The fourth method confifts in animating the 
fire with vital air. Mr. Lavoifier has made many 
curious experiments with fire thus animated, aid 
has hardly found any fubftance which did not yicid 
to it’s violence ; it exceeded even any thing cifect- 
ed by burning-glaffes or mirrors. For, in his firft 
attempt, the intenfity of the heat produced was fo 

_ great as to melt with eafe a {mall quantity of crude 
platina ; it foldered rubies together without injur- 
mg their colour, or affecting their weight ; eme- 
ralds, chryfolite, and garnet, were almoft inftantly 
melted into an opake-coloured glafs. Here . it 
may be worth obferving, that among precious ftones 
the diamond prefentsa property peculiar to itfelf ; 
it burns in the fame manner with combuftible bo- . 
dies, and is entirely diffipated. 

T fhall now lay before you fome opinions on 
this interefting clement, which could not be intro- 
duced with eafe in the body of the preceding Lec- 
tures, leaving you to compare them when at leifure 
with the facts you already know, and the hypothe- 
fes you have juft examined. 

The authors of the Encyclopedia Britannicaagree 
with Mr. Lavoifier in reprobating the ufe of the word 
beat inftead of fire, becaufe heat is not a’ fluid 
* but 
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but a modification of a fluid; and that in this 
view of things, it can neither be abforbed nor at-. 
tracted, neither can any body have a greater capa- 
city for it than another, except in proportion to 
it’s bulk, which allows a larger quantity of fire to 
enter, and to affume that particular motion which 
conftitutes heat. As heat is evidently occafioned 
by the rays of the fun when concentrated, and alfo 
by the concentration of the electric fluid; if fire 
therefore be the caufe of heat, (as is clearly proved, 
in the following Lectures,) we are certainly entitled 
toconclude, that the light of the fun, and ele¢tricity, 
are modifications or component parts of elemen~ 
tary fire. When bodies are heated, they expand-in 
every direction; therefore fire, when in a rifing 
{tate, acts as from a center to a circumference ; when 
in a defcending ftate, or growing colder, it acts 
JSrom a circumference to a center. 

It has been already fhewn, by undeniable ex- 
periments, that fire is the caufe of fluidity: when 
the expanfive action of this element is confined 
within the furface of any body, to preferve it ina 
particular ftate, it may be called /atent fire ; be- 
caufe it does not extend beyond the furface, and 
cannot affect the thermometer, or have it’s exift- 
ence manifefted to us by the fenfe of feeling. But 
when this expanfive action is transferred from the 

- internal parts of the fubftance to the furface, it 
then affects the thermometer. 5 

This is by fome writers called the converfion of 
latent into fenfible beat; by othersthealterationof the 
capacity: whatever name we give the effec, the 
caufe remains the fame, the oppofite actions of 
the fame fluid; the expanfive action in fome cafeg- 
counteracting or overcoming the condenfing one, 
and vice verfa.  — 

In many inftances the expanfive power is 
naturally of force fufficient to produce and main- 

tain 
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tain fluidity ; it may, however, in moft-inftances, 
be made to effect this artificially. A certain degree 
of expanfive power exifts in all bodies; and this 
has been called the fpecific heat of the body. 

The cooling of a body feems to confift in a 
diminution of the expanfive action on it’s fur-~ 
face, by an oppofite power or modification of the 
fluid on the outfide: when this is very ftrong, it is 
fuppofed to expel a portion of fire from the body. 

When the expanfive action of fire within any 
fubftance becomes greater than is contiftent with 
it’s cohefion, it is diffipated or refelved into va- 
pour. This, however, may be done in fuch man- 
ner, that the fire may act on the internal parts of 
the feparated body, without {pending any of it’s 
force upon the parts of external fubftances. Hence 
vapour continues to exift in a temperature much 
below that in which it was originally produced. 
When this latent fire fs transferred to external bo- 
dies, the vapour ceafes to be vapour, or is conden- 
fed ; and in fome cafes returns to it’s original ftate, 
in others it is productive of light and vehemen 
heat. . 


A concise View or Dr. Crawrorn’s Turory 
or ANIMAL Heat. 


For a full view of this admirable theory, I 
muft refer you to his work ; it is a work that de~ 
ferves your ferious attention, not only from the 
importance of the fubject, and the ingenuity and 
beauty of the theory it propofes, but from the 
manner in which it is treated. I know of no work 
in which the rules of Lord Bacon have been more 
rigoroufly followed. Here you will find principles 
inveftigated with judgment; experiments of the 
moft delicate nature, made with care, and defcri- 

bed 
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bed with accuracy; the deductions natural and lu- 
minous. This work will always be confidergd as a _ 
valuable acquifition to {cience and mankind. 

Fireis known, according to Dr. Crawford, 1ft, 
By the peculiar fenfations which it excites: con» 
tidered as exciting thefe fenfations, it is called 
beat. 2. It is known by it’s effects upon an inftru- 
ment that has been employed to meafure it, called 
a thermometer ; and this is termed the semperature 
of fire in bodies. 3. It has been found by expe- 
riment, that in bodies of different kinds, the quan- 
tity of fire may vary, though the cemperature 
and weights be the fame. When fire is confi- 
dered relatively to the whole quantity of it con- 
tained in bodies of different kinds, but which 
have the fame weight and temperature, it may be 
termed /pecific fire.* If, for example, the tempe- — 
ratures and weights being the fame, the whole 
quantity of fire in water be four times at ie as 
that of antimony, the fpecific fire of thefe fubftan- 
ces is faid to be as four to one. 

Heat is meafured by the intenfity of our fen~ 
fations ; temperature by the expanfion of the fluid 
in the thermometer ; /pecific fire by the altera- 
tions of temperature, which equal quantities of fire 
produce in bodies that have equal weights. 

Thus two bodies are faid to have the fame 
heat, when'they equally affect the organs of feeling; 
and a greater or lefs degree of heat, as they pro- 
duce a greater or lefs effect upon thofe organs, . © 

Bodies are faid to have the fame temperature, 
that produce equal expanfions in the thermometer; 
and the fame body is faid to have a higher or lower 
temperature, according as a greater or lefs degree 
of expanfion is indicated by the thermometer. 

The vulgar make ufe of the human body as a 

ftandard 
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ftandard for the meafure of temperature ; but this 
_ is by no means fufficiently accurate for philofophi- 
cal perfons, becaufe the fenfations of no two per-~ 
fons agree, nor cven thofe of the fame perfons at 
different times. 

Dr. Crawford has fhewn, that the fpecific 
fire of bodies, which are of the fame weights 
and temperature, is greater or lefs in propor- 
tion as greater or lefs alterations are produced 
in their temperatures by equal quantities of fire. 
Thus it is found, that the fame quantity of fire, 
which raifes a pound of water one degree, will 
raife a pound of mercury 28 degrees ; from whence 
it has been deduced, that the fpecific fire of wa- 
ter is to that of mercury, as 28 to one. 

As equal weights of heterogeneous fubftances 
are found to contain unequal quantities of fire, 
there mutt be certain effential differences in the na- 
ture of bodies, whereby fome can collect and re- 
tain a greater quantity of fire than others, Thefe 
different powers are called the capacities of bodies 
for containing fire. Thus, if you find by experi- 
ment, that a pound of water contains four times 
as much fire, as a pound of diaphoretic antimony 
at the fame temperature, the capacity of water is 
faid to be to that of antimony, as four to one. 

The temperature, the capacity for containing. 
fire, and the fire contained, may be diftinguifhed 
from each other in the following manner. When 
we fpeak of the capacity, we mean a power inhe- 
rent in the heated body; by fire, the fluid retained 
in the body by means of this power; when we 
{peak of temperature, we confider fire as produ- 
cing certain effects upon the thermometer. 

The capacity for containing fire may conti- 
nue unchanged, though the quantity of fire be 
varied. Ifa pound of ice be fuppofed to retain it’s 
folid form, the quantity of fire will be altered by 
every increafe or diminution of heat; butas long as 

it’s 
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it’s form or ftate continues the fame, it’s capacity 
for receiving is not alfected by an alteration of 
temperature. : 

A body with a fmaller capacity for containing 
fire, has it’s temperature more augmented by the 
addition of a given quantity of fire, than that whofe 
capacity is greater. Hence the temperature of a 
body depends partly upon the quantity of fire, and 
partly upon the nature of the body containing the 


fire; and confequently the temperature may be’ 


varied, either by a change in the nature of the bo~ 
dy itfelf, or by a change in it’s quantity of fire, 

If the variation in temperature arife from the 
firft of thefe circumftances, it follows, that in the 
fame body the temperature may vary, though the 
fire continues the fame. 

If, for example, a body of a given weight be 
fuppofed to have a capacity as one, a quantity of 
fire as ten, and the temperature computed from 
the point of total privation, as if the capacity be 
conceived to be doubled, the fame quantity of fire 
which before raifed it to the temperature of ten, 
will now be fufficient only to raife it to five. 

Dr. Crawford lays down the following facts as 
the principles upon which his very curious expe- 
riments are founded ; which relate more willingly 


. to you, as they will confirm the greater part of . 


what we have already faid to you on the fubject, 
and tend to imprefs it more ftrongly on your 
minds. 

1. Fire bas a conftant tendency to diffufe itfelf 
over all bodies, till they are brought to the fame 
éemperature, 

Thus if two bodies are mixed together, or 
placed contiguous to each other, the fire pafles 
from one to the other, till they are of the fame 
temperature ; and all inanimate bodies, when 
heated and placed in a cold medium, gradually 

lofe 
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lofe heat, till they are brought to the ftate of the 
furrounding medium. 

In other words, bodies in contaé&, or that com- 
municate with each other, will all acquire, after 
acertain length of time, the fame temperature, 
however different their refpective original tempe- 
ratures may have been. Two bodies, which when 
in contact neither receive nor impart heat, are of 
the fame temperature. All bodies, therefore, which 
by diret gr fucceffive contact communicate with 
each other, muft have the fame temperature, or 
the fire will diffufe itfelf among them, till they 
have acquired a common temperagure. 

Confequently the various claffes of bodies 
throughout nature, if they were not-acted upon by 
external caufes, would at length acquire a com- 


mon temperature, and the fire would be quiefcent ; _ 


as the waters of the ocean, if not prevented by 
winds, and by the action of the fun and moon, 
would come to 4n equilibrium, and would remain 

* ima ftate of reft. But caufes continually occur in 
nature, to difturb the ballance of heat, as well as 
that of the waters of the ocean, whofe waters are 
kept ina corMtant fluctuation. 

2. Fire is contained iw all bodies in confiderable 
quantities, when at -the common temperature of the 
atmo/phere. 

We are told by Dr. Pallas, that in the deferts 
of Siberia, during a very intenfe froft, the mercu- 
ry was found congealed in the thermometers ex- 
pofed to the atmofphere, and a quantity of that 
fluid in an open bow! placed. ina fimilar fituation, 
at the fame time, became folid. Now it has been 


proved by experiments made at Hudfon’s-Bay, . 


that the freezing point of mercury is very nearly 40 
degrees below the zero of Fahrenheit’s fcale: to this 
degree the atmofphere in Siberia muft have been 
cooled. Froma paper read at the Royal Society, we 

learn 
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» learn that in the winter, 178 5, 2 fpirit ofwine ther. 
“snometer fell to ‘42 below o in the openiair at Hud- 
fon’s-Bay ; and from the fame communication we 
find, that by a mixture of fnow and vitriolic acid; 
‘the heat was fo much diminifhed, that the fpirit of 
wine thermometer funk to 80 below 0, that is, 
" 112 degrees below the freezing point of water. It 
is therefore plain, that there is a confiderable 
quantity of fire acting in all bodies, when at the 
cemmon temperature. 

3- If the parts of the fame homogeneous fubftance 
bave a common temperature, the quantity of fire will 
be proportional to th.bulk or quantity of matter. 

That is, a pouni gold contains an equal quan~ 
tity of fire, with another pound of gold at the, 
fame temperature, and a pound of water an equal - 
quantity with another pound of water ; and thé 
quantity of fire in two pounds of water is double 
that which is contained in one pound, when at the - 
fame temperature. 6 . ; 
4+ The dilatations and contraétions of the fluid 
in the mercurial thermometer, are nearly proportio~ 
nal to the quantities of fire which are communicated 
to the fame homogeneous bodies, or eparated from 
them, as long as they remain in the Jame ftate, : 

Thus the quantity of fire required to raife 3 
, body, four degrees in tem erature, by the mérgde 
| rial thermometer, is nearly double what is-reque 
‘ged to raife it two degrees, ahd four to raife it 
‘degree, and fo on in ‘proportion, aes - 6 
The capacities of bodies Sor containing fire arg: 
wearly permanent, as long as they retain th iw 
form. fs 3 


o 











.__The capacity of a body for fire is faid. 
permanent, ‘when the fame quantity of fire Wy 
faifes it to one or two degrees, as meafure 
equi -differential thermometer at a given t 
ture, will raife it an equal nuinber of degre 
Vou. 1. Dd ging 
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all other temperatures. On the contrary, the.ca~ 
pacity is faid to be increafed or diminifhed by atv 
alteration of temperature, when, in confequence of 
fuch an alteration, a greater or lefs quantity of fire 
muft be applied to produce an equal effect upom 
the thermometer. 

We have already fhewn you, that the mercu- 
rial thermometer is nearly an accurate meafure of 
heat, and that when equal portions of warm and 
cold water are mixed together at different tempe- 
ratures, the mercurial thermometer indicates very 
nearly an arithmetical mean; and confequently 
that the capacity of water is permanent in all the 
intermediate temperatures Mitween the freezing 
and boiling points. For if, when the heat aug~ 
‘mented, the capacity of water was increafed, at. 
equi-differential thermometer would point to more ; 
and if diminithed, lefs than the arithmetical mean. 

If two equal and fimilar bodies that differ in. 
temperature, be brought together, they wilt by 
«ommunication acquire a common temperature, 
and their quantities of -fire will by that means be 
rendered cqual: that is, the hotter of the, two 
bodies will have communicated -half it’s excefs ta 
the colder ; therefore the quantity of fire in one of 
thefe two equal bodies, will be an arithmetical 
mean between the two quantities originally pof= 
feffed by-eachof them; in other words, it’s tem- 
perature will exceed the colder exactly as much as 
it falls fhort of the hotter bedy. 

*#, If the two bodies had been unequal, they 
“s¢quld alfo.acquire accommon temperature by com- 
/-munication;: but the excefs of fire would not have 
been equally divided between them, For the 
quantity of heat in fuch bodies is in proportion to 
their quantities.of matter; and the excefs of heat 
jn the hotter body, is divided between them in 
proportion te their. weights. - 
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From hence it is concluded, that the quantity. 
“Of fire required to be added. toor taken from bodies 
of the fame kind, to produce equal changes of tems 
perature, will bein’ Proportion to.their quantity of 
matter. PS ; 
5+ Unequal quantities of fire are required to 
produce equal alterations of temperature, in Cqued: 
weights of heterogeneous bodies, ae 
Thus, if the temperature of a pound of mers 
cury be raifed one degree, and that of a pound of 
water one degree, it will be found, that unequal 
quantities of fire have been communicated: to the 
mercury and to theewater,. : ee 
Ifa pint of mercury at 100, be mixed: with ap 
-equal bulk of water at 59, the change orad 
"in the mercury will be to that Produced i the Wie 
ter'as 3to 2. “ From whence it is inferred, that the 
fire in. a pint of mercury, is to that in-a pint of 


bodies is reci ‘ocally proportional to the changes 
of heat produced in fitnehen they are mixed tom 
ecther at different temperatures. 
i To illuftrate‘this further, let four pounds of 
“diaphoretic antimony at 20 be mixed with oné 
pound ofice at 32, the semperature- of the tmhixturg, 
-mill be nearly 36,- The. te6-will be ‘gaoledsé Fai: 
Brees, and the. antimony heated 6. degrees: 
verfe the "experiment, ahd’ thé effed will. ; 
fame. Take 6 degreesiof heat. from: four © pounds 
of antimony, and add if-to° a pound of ice, the 
latter will be. heated:6 degices. The fame quant 
tity of fire, which raifes a Pound of ice & 
will raife four pounds of antimony.6 de, recs. 
If this experiment be nfade'at different: ter 
fatures, you will have the fame refx owre 
power (capacity) by which. -bodies.” ‘renaiz¢ ¢ 
ceive fire, remains the fame Philesh 
-fame.form, not being altered bya. chang 


Dda  " " Setamre y 

















404 Lectures on Natural Puttosopuy, 


4 
perature ; it follows, that the fame quantity of fire~y 
which raifes ice 200, orany given number of degrees 
wouldraife the antimonyan equalnumber of degrees. 
1 1b. of ice, therefore, and 4lb. of antimony when 
at the fame temperature, contain equal quantities 
of fire. But four pounds of antimony contain 
four times as much fire as one pound: therefore 
the quantity of fire in a pound of ice is to that in 
a pound of antimony as four to one. 

That you may underftand this fubject better, 
Y fhall now ftate it more accurately in Dr. Craw- 
ford’s words. Dr. Black perceived, that by mix- 
ing together bodies at diferent temperatures, an 
eftimate might be formed of their comparative 
quantitics of heat, or of their capacities for con- 
taining that element. 

‘Thus when a hot and cold body are mixed toge- 
ther, if their capacities for heat be equal, the di~ 
minution in the temperature of the former, and 
the increafe in that of the latter, will be half the 
difference of the feparate heats ; or the thermome- 
ter immerfed in the mixture, will point to an aritha 
metical mean. But if their capacities for heat be 
zneouel, the common temperature of the mixture 
will not be the arithmetical mean ; it will be near- 
er to the original heat of the body, which has the 
greater capacity, than to that of the other. Hy for 
example, a pound of mercury at 79 be mixed with 
a pound of water at 50, the temperature of the 
mixture will be 51; or the mercury will be cooled 
28 degrees, and the water will be heated only one 
degree. . Hence Dr, Black inferred, that water: has 
amuch greater capacity for heat than mercury. 

Having thus difcovered a meafure tor deter- 
mining the comparative quantities of heat in bo- 
dies, it was found by a feries cf trials which were 
inftituted by Dr. Black -and Dr. Irvine upon me- 
tallic and faline bodies, that the clement of fire is 

diftributed 
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\ diftributed in various proportions throughout thofe 
~fubftances, or in other words, that in equal weights 
they contain unequal quantities of elementary fire. 
2. It hikewife appeared, that when bodies undergo a 
change of form, their capacities for containing 
heat or elementary fire, are, for the moft part, fud- 
denly increafed or diminithed. When their capa~ 
citics are diminifhed, they part with a portion of. 
their elementary fire; and when their capacities 
are again increafed, they re-abforb an equal portion 
of fire from the furrounding bodies. Dr. Black 
has fhewn in particular, that when folid bodies, by’ 
expofure to heat, are changed into liquids or into 
vapour, they abforb a quantity of elementary fire, 
which is neceflary to their exiftence in the liquid: 
or vaporific form; and that on the contrary, when: 
vapours are condenfed, or non-claftic fluids are 
congealed, they part with the heat which they had. 
before abforbed. 

In refle&ting on thefe facts, Dr. Crawford: 
thought it probable that by meafuring the com- 
parative quantities of fire in the folid and fluid’ 
parts of animais, as well as in alimentary fubftan- 
ces, he might be enabled to trace the fource of ani- 
mal heat. 

The refult of his inquiry led not only to the: 
caufe of this phenomenon, but likewife to that of 
the heat produced by the inflammation of com- 
buftible bodies. 

The evidence upon which his doctrine refpect- 
ing the caufe of animal heat and combuftion de- 
pends, is comprifed in the following propofitions. 

1. The quantity of heat contained in pure air 
is diminifhed by the change which it undergoes in 
the lungs of animals ; and the quantity of heat in 
any kind of air thatis fit for refpiration, is nearly 
proportioned to it’s power in fupporting animal 
Ite, Dd3 

adly, 


406 Lecrures on Naturat Putosopny. 


adly, The blood which paffes from the lungs 
to the heart by the pulmonary vein, contains more~ 
abfolute heat (fire) than that which paffes from 
the heart to the lungs by the pulmonary artery. 

3dly, The comparative quantities of heat in 
bodies, fuppofed to contain phlogifton, are in- 
creafed by the changes which they undergo in the 
proceffes of calcination and combutftion. 

4thly, When an animal is placed in a warm 
medium, the colour of the venous blood approach- 
es nearer to that of the arterial, than when it is 
placed in a cold medium; the quantity of refpire- 
able air which it phlogifticates, in a given time, in 
the former inftance, is lefs than that which it phlo- 
gifticates during an equal {pace of time in the fatter ; 
and the quantity of heat produced when a given 
portion of pure air is altered by. the refpiration of 
an animal, is nearly equal to that which is pro- 
duced when the fame quantity of air is altered by 
the burning of wax or charcoal. 

Having eftablifhed the truth of thefe propo~ 
fitions by direct experiments, Dr. Crawford de- 
duces from them the following explanation of the 
caufe of animal heat and combuftion. 

The purer part of the atmofpherical air recei- 
ved into the lungs of animals in refpiration, is con- 
verted by it’s union with the inflammable princi- 
ple of the blood into fixcd air, and aqueous vapour. 
It appears by experiment, that the quantity of cle- 
mentary fire contained in pure air, is to that con- 
tained in fixed air, and aqucous vapour, nearly as 
three to one. 

Hence it follows, that in the procefs of re{pi- 
ration, the pure air muft neceffarily give offa con- 
fiderable proportion of it’s elementary fire. Ir 
moreover appears from the fecond propofition, that 
the blood in it’s paflage through the lungs, has the 
quantity of it’s elementary fire increafed ; and con~ 

fequently 
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“€equently in the procefs of refpiration, a portion 
of that clement muft be abforbed by the blood, 
The truth of this inference is farther confirmed by 
the refults of the experiments which were adduced 
in proof of the third and fourth propofitions. 

Yor from the third propofition it appearsy 
that when bodies are united with the inflammable 
principle, they part with a portion of their ele 
mentary fire, and that when this principle is again 
difengaged, they re-abforb an equal portion of 
fire from the furrounding bodies. It morcover 
appears from the experiments of Dr. Prieftley, that 
in the procefs of refpiration the inflammable prin- 
ciple is feparated from the blood, and combined 
with the air. Hence it follows, that the quantity 
of elementary fire in the former muft be increafed, 
and that in the latter diminifhed. This conclu- 
fion is ftill further corroborated by the fourth pro- 
pofition; whence it appears, that the quantity of 
the inflammable principle difcharged, and of ele~ 
mentary fire abferbed, in the procefs of refpira- 
tion, is greater or lefs, in proportion as the animal 
is expoled to a colder or toa warmer medium. 
The explanation of the caufe of combuftion is as 
follows. 

It appears, by experiment, that the purer part 
ef atmofpherical air contains much elementary 
fire; that when it is converted into fixed air and 
aqueous vapour, the greater part of this fire is de- 
tached ; and that the capacities of bodies for con- 
taining heat are increafed by the changes which 
they undergo in the procefs of combuttion, 

Hence it is inferred, that the heat which is 
produced by combutftion, is derived from the air, 
and not from the inflammable body; for inflam 
mable bodies contain little elementary fire. Atmo- 
fpherical air, on the contrary, abounds with this 
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pure air is, for the moft part, converted into fix- 
ed air and aqueous vapour, and at the fame time 
gives off a great proportion of it’s fire, which, when 
extricated, fuddenly burfts forth into flame, and 
produces an intenfe degree of fenfible heat. It is 
inferred, on the contrary, that no part of the heat 
can be derived from the combuftible body; for the 
combuftible body, during the inflammation, un- 
dergoes a change fimilar to that which is pro- 
duced in the blood by the procefs of refpiration, 
in confequence of which it’s capacity for contain-~ 
ing heat is increafed; it therefore will not give 
off any part of it’s heat; but like the blood, in it’s 
patlage through the lungs, it will abforb heat, 

ence Dr. Crawford concludes, that the fenfible 
heat, which is excited in combuftion, depends upon 
the feparation of fire from the purer part of the 
atmofpherical air. If the quantity of air, which 
is changed by the procefs of combuftion in a given 
time, be very great, the change is attended with 
much light, with a vivid flame, and with intenfe 
heat; but if the alteration in the air be flow and 
gradual, the heat paffes off imperceptibly to the 
jurrounding bodies, 

It is hardly neceffary to obferve to you, that 
Dr. Crawford’s ingenious theory differs, in fome 
refpects, from what has been already laid down in 
thefe Lectures; it remains for you to decide whicly 
is moft conformable to natural appearances. In 
this decifion you will be affifted by the facts and 
confiderations that will be introduced in fome of 
the fubfequent Lectures. 1 fhall therefore con- 
clude this with a few general obfervations on the 
doctrine of capacities for fire, 

No proper eftimate can be made of the quan-~ 
tities of heat bodies are capable of giving and 
recelving, unlefs fire never acted in any other 
OT) SRE a, Trek > 
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This, however, is not the cafe; for fire appears to 

'. refift other actions of bodies befides that of gravi- 
tation. Unlefs therefore it be fuppofed, that in 
the various compofitions, which take place even 
in the moft homogencous fubftances, the different 
kinds of matter are equally proportioned and dif- 
pofed, no rule can be properly formed with re- 
gard to the quantity of heat, which bodies of dif. 
ferent fubftances fhould give or receive, when the 
equilibrium of heat among them and furrounding 
bodies is changed. 

But further, the weight of bodies is not the, 
part which fhould be confidered in the theory of 
capacities; it is their volume, or the fpace they - 
occupy, which fhould be chiefly attended to; for 
# vacuum, Which has no weight, contains fire. Nor 
are the different degrees of tendency among the 
particles of the fubftances to be noticed in this 
theory; for in a vacuum’ there is no fenfible fub. 
flance to refift the dilatation of fire, yet it is as 
much compreffed, or fhews the fame degree of ex-' 
pantibility as in other fubftances of the fame tem- 
perature, From hence it is highly probable, that 
the phenomena of capacitics are occafioned by the 
expantive faculty of fire; for no one can doubt, 
that at the fame temperature, and with the fame 
volume, but what there is lefs ina vacuum than 

~ in other bodies. 

Although the Torriccllian vacuum, when well 
made, feems deprived of every fenfible fubftance, 
a thermometer included in this place would con- 
form itfelf to the exterior temperature, as if it 
were in the air, in water, or any other fubftance. 
if then it’s expantive faculty dees not augment in 
this fpace, where it is the only known fubflance, 
it ought to be in greater quantities there than in 
any other equal {pace occupied partly by the par- 
ticles of another fubflance. But it is probable, of 

equal 
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equal fpaces, it is that which contains the leaf 
fire: if any one doubts this conjeCure, let him 
try it by experiment, according to the prefent 
theory of capacities; but firft let us inquire of 
him what weight he would affign to the vacuum ? * 

The capacity of bodies, with refpect to hear, 
fuppofes two things, 1. That there is a quantity 
of diffufible fire to be communica'c:d among bodies : 
and 2dly, that there is an equilibrium ftate of 
heat to be formed among them, by each giving or 
receiving it’s proper quantity. This transferable 
fubftance may be termed diffnfibie fire, to diftin- 
guifh it from the confiitutional fire of bodies, which 
1s not immediately diffufible. 

In the conftitutional fire of bodies, two 
{pecies may be diftinguifhed, according as the bo- 
dies are foiid (concreted) or fluid. But every na- 
tural body muft have a certain deerce of confti- 
tutional fire, without which the diftenfion of the 
body would be cxtinguifhed by the condenfing 
powers, Thus then is the confiiutional fire of 
volume, or power of diftention, neceflarily oppofed, 
toa certain quantity of gravitating or condenfing 
power. 

Volume, in natural bodies, is an effential qua- 
lity, and fire acting as heat in volume, is an ef- 
fential principle. ‘Vhere is therefore in bodies a 
conftitutional degree of heat which cannot be fe-~ 
parated ; and it is only the fuperfluous heat, which 
may be diffufed among bodies, according to their 
capacities for receiving it. 

But as volume in bodies is a changeable qua- 
lity, there may be a certain quantity of fire, which 
in one degree of diftenfion inay be confidered as 
conftitutional for that “particular volume, which 
in another degree, or in a different volume, might 
Lecome fupertiuous and diffufible. 
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Bodies are found to be compofed of two dif- 


+ ferent kinds of matter, and to fubfift in three dif 


tinct {tates or modifications of their compound fub. 
ftance ; which three ftates are commutable, ac- 
cording to the changed proportions and circum~ 
flances of the matter or conftituent ‘principle. . 
Hardnefs may be confidered as the firft of thofe 
flates, in which the power of concretion, as well 
as gravitation, is found to prevail. Secondly, 
there is foftnefs or fluidity, in which nothing bur 
the power of gravitation is perceived, and when 
the power of concretion is ballanced by a certain 
quantity of fire, diftinguifhed by the name of la- 
tent fire, And thirdly, we find the ftate of fluid. 
clafticity, where not only the power of concretion 
is ballanced by a certain quantity of fire, but alfo 
the power of gravitation, which fhould tend con- 
tinually to diminith the volume of the body, is op- 
poted by another quantity of fire, imparting elaf- 
ticity and expantion to the fubftance of this body, 

The diffufion of fire is an action and effect of 
this matter, diftinclly different from thofe which 
are produced by oppofing the gravitation and con. 
cretion of matter ina body. 

The diffufion of fire is a peculiar action there- 
of, and which, like every other event, takes place 
only when the proper conditions for this action thalt 
arrive; it is therefore by knowing thofe conditions 
that this operation in bodies is to be underftood, 
as it is by the changed volume, and different ftates 
of bodies with refpe@ to hardnefs and fluidity, as 
alfo by our fenfations, that this diffufion of fire, 
from one body to another, may be concluded as 
having taken place. . 

To purfue this element init’s various modifi- 
cations, you muft difcriminate the action of fire, 
when it oppofes and ballances the action of gravi-~ 
tation and of hardnefs, from that operation of 

traniinon, 
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tranfition, by which it is tranflated from one body 
to another, or by which without changing the 
body it leaves the oppofition and ballance of one 
power in order to relift another. This elective 
action of fire neceflarily requires conditions, 
without which matter never acts. But fuch 
is our imperfect knowledge of the conftitu- 
tion of material things, that we cannot attempt 
to give a detail of the conditions by which the 
action of tranfition in fire may be influenced or 
affected. 

Though we cannot perceive the condition of 
thefe actions, yet enough has been invettigated to 
difcover wi/dom in the laws of actions, by which 
thofe conditions are conceived to be rendered fub- 
fervient to certain ends. The manifold operations 
neceflary to produce hardnefs, foftnefs, fluidity, 
&c. in all their various degrees, are conducted 
amidft powers indefinitely multiplied, combined, 
and oppofed; yet there docs not appear the leaft 
confufion or diforder in the effect. 

Thave now finifhed the Lectures on fire, in 

‘which I have given you a general account of it’s 
agency and operation. You have feen it produce the 
moft wonderful changes in bodies: thefe and va~ 
rious of it’s effects are well known, while it’s own 
nature {till remains amongft the moft infcrutable 
myfteries. It manifefts itfelf in a variety of forms, 
a diverfity and apparent contrariety of effects; it 
dwells in the moft compaéted ice, and is quiefcent 
in the dark flint, yet diffufes a world of light 
through the planetary fvftem. It’s operations are 
reducible to no ftandard; for it acts according to 
the kingdom in which it moves, and the fubject it 
-poffeffes; in heaven it is a celeftial fire, and the 
principle of a joyous life; in hell it is a hellith. 
fire, and a fource of ‘torment; in this mixt world 
of good. and evil, it affumes more forms than 

Proteus. 
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Proteus. %t flafhes in lightning, and faintly illu-_ 
mines the glow-worm’s feeble lamp; it warms us 
by the confumption of our fuel; it deftroys and 
preferves life, and is the root of all- vitality, from 
the higheft archangel to the leaft minim in nature. 
Without it there would be neither vegetation, 1 r 
animality, nor appetite, nor conjunction, ‘NOt, fe~. 
cundity, nor growth. - In a word, it may bErE 
fidered in it’s miniftry, under the Omnipotent 
tifieer, as the foul of the world, and the life “OF 
creation, 
‘The rays of the fun, or the heat ofan artificial, 
fire, which is.equivalent, are fo. -abfolutely 1 neces 7 
to the growth of herbs, that in: their: fez 
taking in the fap, in their ftature, and in 
lities, they are wholly influenced by the’ folat ‘ 
The plants which are loweft in ftature appear firkt 
early in the fpring; thefe are fucceeded by others 
efa larger fize, ‘till at laft the under fhrubs and 
trees put forth in their order; when the fun is at 
it’s greateft exaltation in fummer, the whole ve- 
getable creation is init’s greateft glory and beauty. 
As the fun declines, this vegetative motion lan- 
guifhes ; and the order they obferved in putting 
forth their leaves, flowers, and fruits, is now a 
verted in their decay ; ; the tallett trees are generail ¥. 
the firft that drop their leaves, and the lower féf-. 
low at a proper diftance, till by degrees the {mall<¢. 
eft fhrubs, except ever-greens, are all ftript ‘of 
their covering, and fo continue till the fun, at his 
return, puts new life and moifture into their veins. 
It is to the powerful agency of fire you muft recur 
to account for the alterations of which the bodies 
of vegetables and animals are fufceptible. The 
motion of the fap, the mild fermentation which 
ripens fruit, the compofition of animal fluids, their 
decompofition, fucceflive changes and_ putrifrac- 
4 tion, 
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tion, in thefe and infinitely other phenomena, fire 
is the governing principle. .- 
: Air, light, and “fre, are the inftruments, 
which God has manifeftly ordained as fecondary and 
‘Fabfervient to his own power in the ceconomy of 
the material world ; and they are fo univerfally ex~ 
fended and incorporated with other things, as to 
be ferviceable in the motion of all it’s particular 
“cpatts, -One or the other of thefe is prefent to all 
« thofe effects: which have fallen under the obferva- 
tion: of philofophers. This conclufion may indeed 
be deduced from premifes plain and obvious, with- 
“out the affiftance of philofophy or the mathematics. 
, For what learning is neceffary to difcover that /ight 
‘gives fight to the eyes? that air is the breath of life? 
‘and that without fire, applied to it’s proper degree, 
_ the blood is congealed and the limbs are inflexible? 
All this is evident to the moft undifciplined ap- 
prehenfion: fora man is no fooner born into the 
world, than he makes moft of the expcriments 
neceffary for obtaining this knowledge ; and he 
may challenge the moft fubtle philofopher, to name 
the fubftance or fluid that can fupply the place of 
either of them. 
Before I quit this fubject, it will not be uncn= 
tertaining to takea fhort view of fome parts of my~ 
*, thological learning. “ When the world,” fays the 
earned author of the Trinitarian Analogy, ‘by fol- 
lowing it’s own wifdom, departed from the true 
God, they left the fubftance, and kept the fhadow ; 
they worfhipped the creature inftead of the Crea 
tor : but ftill they were right thus far, in that they 
retained as the objects thofe very elements of the 
natural creation, which had been appropriated to 
give them ideas of the Creator. In this capacity 
as fubftitutes, they were the truth of God; but 
when deified in themfelves, and taken as princi- 
~ pals, they were changed into a lie. 



















« Fire, 


Nature anp Properrirs or Free, ‘4rg 


« Fire, light, and air, the fcriptural emblems, 
were univerfally adored throughout the heathen 
world. Moloch in Syria, Apis in Egypt, Vulcan 
in Greece and Italy, were names given to the ele- 
ment of fire. Light was worfhipped under ‘the 
names of Apollo, Mithras, &c.* No Latin {cholar 
need be told that Jupiter was the air; the _poets,- 
even ufing the proper name of Jupiter, as;4n ap. 
pellative term to fignify the air; and all theepi-. 
thets given to him are applicable to the fate. 
element.” : 

This I fhall further develope in the hiftory of 
Vulcan, who in the general fenfe feems to be the: 
univerfal fire diffufed through the vaf nafs.of 
crt matter, which in a prior farm was thet Bie 
be water. The moft ancient philofophers of Egy 
and Greece agreed in confidering water as the . 
matter, the hyle, or mother of all things; and fire 
the father of it’s life and animation. f 

Fire, the moft active, univerfal, and prolific 
agent, Cannot opcrate upon itfelf; it requires a wife, 
a female, a lower matter whereby to manifeft it’s 
aftonifhing and various effects ; and when matter or 
Venus is united thereto, fire, which feems one 
firmple and uncompounded effence, puts:on ten 
thoufand beautiful forms, colours, and motions, 
through every department of nature; from mine. 
rals, by a gradual afcent, to vegetables, to ani- 
mals, to man. : 

When the fpark or atom of fire lies hid in 

primary 
* Bacchus, or wine, isthe folar fire in the juice of the grape, 
fo tintured with it’s genial beatns, as to. be capable, when drank 


with temperance and moderation, to exhilarate the body, mind, 
aad imagination, : 
+ See R. Clarke’s Series of Letters, Vol. 1. 
Jones's Phyfiological Difquifitions, 
Letters from a Tutor to his Pupil. 
s Hermes, 
Maurice’s Hiftory of Hindoftan, 
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primary matter, it is dark, deformed, and no ways 
promifing fuch a fair contexture and life as it 
will be clothed with when it has built it’s houfe or 
‘body, in which it feems-dormant awhile. In this 
fenfe it was Vulcan deformis. 

But fire united with matter, Vulcan to Venus, 
-or matter yielding to the fignatures impreffed by 
this univerfal agent, is the father of the wonderful 
variety as well as uniformity fo confpicuous in the 

t theatre of the vifible world. Being dark and 
invifible in it’s internal operation, when bedded 
in the feed and center of all things; Vulcan, in 
‘reference to this ftate, may be well called black 
and ugly. Confider any feed, fee how it putrifies, 
grows black and foctid, before it rifes into ‘a 
new life of vegetation and animation; and who 
would think that this deformed procefs in nature, 
the handmaid of Providence, fhould Iead to the 
evolutions of fuch variegated beautics and powers as 
nature aflumes, in the diverfity of corporeal forms, 
in every feale of being animate and inanimate, 
fenfitive and rational ? 

Vulcan reprefenting the principle of fire in 
nature, was confidered as married to Venus, who 
{prung from the fea or watery clement ; thus is this 
wife the apparent mother of grace, beauty, colour, 
figure, and motion ; for with the ancients matter in 
every living form began from water, and having pafl- 

- ed through various changes effected by fire, manifefts 
that inexpreffible varicty difplayed through all the 
creation. Hence Venus, or water, rifing up into 
the forms of trecs, flowers, and vegetables, into 
birds of variegated plumage, into animals of dif- 
ferent kinds of cloathing, and laftly and moft per~ 
fectly in man the microcofm, was called the mo- 
ther of the graces, moft beautiful and naked, be- 
caufe naturc’in all it’s profufion af forms and co- 
lours, is molt ainiable in her own fimplicity. 

Vulcan 
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Vulcan was fardipes, or flow-footed, becaufe 
ain the theatre of nature his fteps are {carce percep- 
tible, and his progrefs fo flow and gradual, as not 
to be feen but at diftant intervals. From this fmall 
{pecimen, which I mutt leave you to purfue further 
for your own profit and entertainment, you will be 
led to fee, that there is a ftriking alliance between 
the theology of f{cripture, the conftitution of na- 
ture, and the mythological myfteries of heathen- 
ifm. I fhall only obferve further, that fcripture 
teldom, if ever, reproaches the nations for deitying 
men, but for worfhipping the fun, moon, planets, 
earth, air, and water, under fanciful images of their 
own invention, after the forms of men, beatts, 
planets, &c. 

adly, That all diftinguifhed names are formed 
from allutions te fire and light, and that language 
divefted of metaphorical and topical expreflions 
deduced from this fource would lofe all it’s fpirit 
and energy. 

The Rev. Mr. Jones has fhewn, that the ac~ 
count of the generation of the world, and it’s pre- 
fent oeconomy, is revealed in fcripture, not with 
the defign of fending us to fchool to learn philo- 
fophy as a fcience, but with a view to the interefts 
of religion, and therefore fo far only as religion 
is concerned; and that nature is referred to in the 
Bible for three great ends: 1ft, To guard men from 
error. 2dly, To open‘their underftanding by ex- 
plaining fpiritual truth from natural imagery. 
3dly, To infpire them with fentiments of devotion. 
‘The whole is fo performed as to guard the Hebrews 
from the dangerous and profane doctrine of the 
gentiles, who like medern philofophers confpired 
univerfally to deify nature, and confound the Crea- 
tor with his works ; and to give to the world itfelf 
that adoration which is only due to it’s maker. 

The fcripture therefore fets forth the power 

Vor. 1. Ee of 
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of the true God, the maker of heayen and earth, 
and defcribes the natural dominion of the elements 
as dependent on the power of the Creator: that the 
fun, the moon, and the hoft of heaven, obferve the 
law they received from him inthe beginning of the 
world, of which fubordination and dependance 
the heathens had loft the knowledge, through the 
affectation of philofophical wifdom, till at length 
nature itfelf took the place of the Creator; the 
fubftance of the clements was confounded with the 
fubftance of the Deity; the fubtle matter of fire 
was held to be the foul of the world; the powers 
of heaven and earth became fo many diftinct divi- 
nities; and the hiftory of their operations was con- 
yerted into a religious myftery, fuch as you every 
where find in the occult do¢trine of the Pagan 
mythology.* 

‘Vhe fource of the hieroglyphical language of 
the ancients can only be traced with certainty from 
the fcriptures. It is dependent onan_ important 
truth, that the vifible world is reprefentative of 
the invifible; that the properties, forms, and mo- 
tions of the one, were copies, images, and fhadows 
of the attributes, qualities, and laws of the other. 
The knowledge therefore of philofophy, when in 
it’s proper place, enlarges the underftanding, by 
giving it a profpect of both worlds, of one from the 
other, of the invifible from the vifible. The pow- 
ers of nature are fymbolical of the powers of the 
Deity, and are applied in that capacity in numerous 
paflages of {cripture. 


* Jones’s Phyfiological Difquifitions, introduétion, p. xv. 
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LECTURE X. 


VERY thing around us, all that is within us, 
as it were with one voice fpeak the language 
of the apoftle, and affert that GOD IS LOVE. 
Examine the material fyftem extending throughout 
heaven and carth, and it prefents you with a vari-= 
egated fcene rich in ufe and beauty; for far and 
wide as is the vaft range of exiftence, fo far is the 
divine benevolence extended. You will find the 
meaneft and minuteft objects not without their ufe 
and importance, the moft diftafteful not without 
their fweetnefs, the moft jarring and difcordant not 
without their order and harmony; the moft dark 
and thaded, the moft crooked and deformed, giving 
" luftre to others, and recommending the fhapely and 
the beautiful. 

The learning and philofophy of ages have been . 
employed in exploring the works of the Creator ; 
which the more they are examined, confpire ftill 
the more to manifeft his wifdom and goodnefs : 
evident proofs of this you will find in the prefent 
Lecture. The ufes and ends, the objects and or- 
gans in the natural and moral world, both the lit- 
tlenefs and greatnefs of the phenomena, give the 
cleareft, the ftrongeft, and moft ftriking proofs of 
a beneficent Creator. The univerfe, feen by a 

Eco devour 
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devout eye, 2ppears as an immenfe {phere depend- 
ing by a chain of gold from the throne of God, 
infcribed on every fide with divine characters, 
moving in divine order and harmony, and refplen- 
dent with divine light and beauty. 

But though the kiagdom of Ged is in fome fort 
expreflive of the nature and character of it’s Author 
and King; yet the difplays thereof are partial and 
confined, fuited to the capacities of it’s feveral 
fubjects, but opening and enlarging in proportion 
to the improvements they make in every prefent 
difpenfation. Though the kingdom of God is like 
his attributes, ever full and perfect; yet with 
refpect tous, it muft ever be partial and progreffive, 
adapted to the ftate of our naturaland moral capa- 
cities: it is perfect in every fpring and wheel as in 
the whole machine, in the originas in the progrefs 
and confummation. Divine philofophy, like an 
optical cylinder, fets all objects right, ranges them 
in their due places, and raifes what appears to the 
naked eye a confufed heap of lines, colours, and 
figures, into regular forms, members, and bodies. 

Every individual being, or production in na~ 
ture, even the minuteft, when enlarged to the 
human fight by a microfcope, is a J/peétacle of 
éeauty, As much, even of the external world, of 
Jk ecvan, and earth, as the human eye is able to 
take inat one view from the fummit of a high hill, 
in a fertile country near the fea, ina fun-fhiny day, 
or ina ftar-light night, affords the moft fublime 
and magnificent {cene of corporeal beauty conceiv— 
able by man. Now all this beauty, beauty refult~ 
ing from the orderly difpofition of various parts, 
and the barmonions compofition of them together in 
one whole, is open to the view of all men. Thefe 
and other beauties every where furrounding us, are 
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But befides what is thus daily obvious to an 
ordinary beholder’s eye, the deep-fearching fofflo~ 
gif, the far-travelling 4otaniff, the curious fleri/f, 
and the inquifitive zoolog7/?, are in every age going 
on to difcover new objects of deauty, in thofe parts 
of nature which moft engage their attention and 
admiration. The laborious afronomer is employed 
in difcovering more and morc regularity, harmony, 
and connection in the motion of the cclettial bodies, 
and confequently more and more of order and deauty 
in the great mundane fyftem. The experimental 
chemiff, and the ingenious phy/fiologif? are gradually 
unfolding the hidden meafures and proportions ufed 
in mixing the elementary and minute parts of na- 
ture, in compounding thefe mixtures, and in de- 
compounding her compofite parts, that they may 
thus difcover, how out of snvi/ible materials, bodies 
are framed w/ible to the eye of outward fenfe. In 
a word, every advancement made in phyfical know- 
ledge is a new difcovery of fome deauty unfeen be- 
fore; andof fuch difcoveries, I prefume, there never 
can be an end, and that mancanneverattaintoacom- 
plete knowledge of the beauties manifefted in nature. 

Wide as the extent of the vniverfe is the wif- 
dom of it’s workmanthip, not bounded and narrow 
like the humbler works of art: thefe are all of 
origin no higher than buman. We can readily trace 
them to their utmoft limit, and with accuracy dif- 
cern both their beginning and their end. But 
where is the microfcope that can fhew us from what 
point wifdom begins in nature?* Where the tele- 
{cope that can defcry to what infinitude it extends? 
The more diligent our fearch, the more accurate 
our fcrutiny, the more we are convinced that our 
labours can never finifh, and that fubjects inex- 
hauftible remain behind ftill unexplored. 

Enough, however, of this knowledge is, and 

EFe2 perhaps 
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perhaps in all ages hath been amongft men to autho-~ 
rize the following conclufion, that outward nature 
throughout the univerfe is full of beauty; and from 
this conclufion another will rationally follow, re- 
garding the relation between efeé# and canfe, that 
the fountain of all this beauty, is beauty orivina!, 
beauty i/felf, beauty wniverful, the final and formal 
caufe of all that good wh is enjoyed by beings 
who are capable of any enioyment, and of all char 
beanty which is enjoyed by fuch as have a fenfe of 
beauty. Supreme Spirit ! thine is the divine charm 
by which mountain and valley, foreft and occan, 
wondrous animal, anda whole creation, in beauty 
and proportion arife to being. Let but a few at- 
tractions ceafe, in whofe bonds you grafp them, 
and the magic univerfe is at an end; it is without 
form and void, and the very ruins thercof are not 
to be found, 

As you proceed in thefe ftudies, you will find 
philofophers drawing from fcientific fources ample 
ftores of ufeful inventions, and extending their fpe- 
culations to practical purpofes and objects of great 
utility,; and you will be led to think with Lord 
Bacon, that when men have, by proper induction, 
attained a knowledge of the intimate qualities and 
laws of things, they may in the end command 
nature, and perform works as much greater than 
we fuppofe practical by the powers of natural ma~ 
gic, as the real actions of a Cefar furpafs the fic- 
titious ones of the hero of a romance.* 

Since philofophy has foared into the regions 
of invifible aerial fubftances, has explored their 
nature, and inveftigated their conftituent princi- 
ples, many hidden veins of fcience have been 
opened, much wealth has been acquired, and fair 
hopes of reward prefent themfelves to future la- 

bourers, 
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bourers. You will here fee how art can, from mere 
chalk, unfetter a copious elaftic fluid, the poifon 
of man, or his medicine, according to the mode 
ofapplication; which, though rnvifible, yet diffolves 
earth and metals, and imparts fpirit and virtue to 
the moft valuable mineral waters. You will here 
learn more of thar vital air, of which we have al- 
ready difcourfed fo much. You have already feen 
how neceffary it is to combuftion; you will now fee 
how neceflary it is to animal life, and be made ace 
quainted with the refources of nature, for purifying 
our atmofphere, which is infected from Various 
caufes ; and learn how it is replenifhed with this 
falutary and vivifying fuid, The fubje& of the 
prefent Le@ure is indeed intimately combined with 
the preceding. All acrial fluids owe their elaftic 
property, and aeriform ftate, to fire; fo that you are 
here only entering into another province of the 
empire of this element. 

Van Helmont was acquainted with the inflam- 
mable qualities of fome vapours, and knew that 
others extinguifhed flame, and fuffocated animals, 
bur had no idea that thofe fubftances were capable 
of being feparately exhibited in the form of a per- 
manently elaftic vapour not condenfible by cold. 

Mr. Boyle, obferving how much air was con- 
cerned in moft of the phenomena of nature, and 
how neceffary it was to the exiftence of animals, 
became folicitous to Know whether a fluid of fo 
great importance was not producible by art; alfo 
believing, that fuch air might be made ferviceable 
to the art of diving, and in /ubmarine navigation.* 
With thefe views, that admirable naturalift fer 
about making fome new experiments; and from a 
varicty of bodies, by different proceffes, obtained a 

Ee4 pneumatical 


* An attempt of Cornelius Drebcll to make 2 vefflel to row 
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pneumatical fluid,* anfwering his, then, only. cri- 
terion of air, in being of a durably claftic nature. 
He foon difcovered that thefe new productions were 
very different from common air, as they prefently. 
extinguifhed flame, and fuffocated thofa animals 
that attempted to breathe in them. 

Thefe experiments were afterwards refumed 
by the Rev. Dr. Hales, a man werthy of ovr heft 
eiteem, for ‘his amiavle as well as philofophic qua- 
lines. He confirmed and extended the difcoveries 
of Mr. Boyle, fhewing not only that air entered 
into the compofition of moft bodies, but afcer- 
tained alfo the proportion it bore to the reft of the 
compound. Dr. Hales examined likewife the 
mineral waters, and. found them abound with air; 
to that circumftance he afcribed their {pirit and 
brifknefs, but! he did not apprehend that the air he 

roduced was not common air, and of the fame 
kind with that Mr. Boyle had extracted from fer- 
menting and effervefcing liquors. It muft be 
owned, it was bard to ‘canceive how thefe fprings 
fhould owe their prime virtues to what in another 
manner of application is fo deftructive of vitality. 
His experiments are fo numerous and fo various, 
that they are partly cfteemed the folid foundation 
of all our knowledge of the fubject. 

Dr. Browning feems to have been the firft 

. perfon who began clearly to unfold this myftery, 
and fhew that the waters of Pyrmont, Spa, &c. 
owed their pungency, and that volatile principle on 
which their virtues chiefly depend, to am elaftic 
aerial fiuid, z : 

The greateft improvement in this part of 
pneumatics, feems to have originated with Dr. 
Black, profeffor of chemiftry in Edinburgh, and 

ws : ‘ ; Mr. 
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Mr. Cavendith, F.R.S. The influence of Dr. 
Black’s difcoverics has been very extenfive, for 
from his fchool they were diffeminated throughout 
Europe, by men zealous of promoting the princi- ; 
ples of their great matter. Dr. Black firft fhewed 
the caufe of the caufticity of alkalies and quick 
lime, the effect of adding fixed air to thefe bodies, 
and of depriving them thereof; he thewed that it 
was the preience of fixed air in thefe fubttances that 
rendered them tai/d; that when deprived of it they 
are in that {tate which has been called cauffic, from 
their corroding and burning animal and vegetable 
fubftances; and by thefe and other difcoveries, 
explained ina clear and fimple manner, many’ap- 
pearances in chemiftry till then deemed the moft 
unaccountable. aa : 
Mr. Cavendith added to the method of Boyle 
and Hales for obtaining permanently elaftic fluids, 
the mode of transfufing them from one veffel to 
another, and of fubjecting them to examination. 
By his ingenious and ftatical mode of operating, he 
has given a practicability and accuracy to what is 
now called the pueumatic apparatus, which has fince 
been applied with extraordinary fuccefs, together 
with many other important difcoveries. There is 
no one who has enriched this fubject more than 
Dr. Prieftley, or has analyzed the fugacious element 
of air with more fuccefs; very few pages on thefe 
fubjects will be found that do not contain fome 
difcovery of his, or fome improvement on the hints 
he has fuggefted ; and fcience will ever be indebted 
to him for his valuable difcovery of pure vital air. 
To point out the difcoveries of Dr. Prief- 
fey in this branch of fcience, would incroach 
too much upon our time; his labours far exceed. ‘ 
thofe of his predeceffors, both in extent and im 
portance. I muft not, however, forget to men- 
tion M. Lavoifier and Scheele wha fre limite. 
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are unequalled among the promoters of aerial 
fcience. : 

Here another labourer in fcience prefents 
himfelf to our view, Mayow,* who filently, and un- 
“ pesceived in the obfcurity of the laft century, dif 
covered, if not the whole fum and fubftance, yet 
certainly many of thofe fplendid truths which adorn 
the writings’of Prieftley, Schecle, Lavoifier, Craw- 
ford, and other philofophers of this day. 

« He chrew away with {corn the vague ideas 
annexed by the old chemifts to the terms fulphur, 
mercury, 8cc. He has clearly prefented the notion 
of phlogiiton, which rendered the name of Stahl 
fo celebrated. He perceived the action of vital 
air in almoft all the wide extent of it’s influence. 
He was acquainted with the compofition of the 
atmofphere, and contrived to make the mixture of 
nitrous and atmofpherical air. He was well aware 
of the caufe of the increafe of weight in calces, and 
diftinctly afferted that certain bafes are rendered 
acid by the acceflion of nitro-atmo/pherical particles, 
or what has fince been called an acidifying prin- 
ciple. He difcovered the method of producing 
factitious air, obferved it’s permanent elafticity, 
and what is ftill more ftrange, the nice art of trans- 
ferring it from veflel to veflel. The doctrine of 
refpiration is all his own. 

“If Mayow has not clearly expreffed his opi- 
nions; if he ufes fuch ambiguous expreffions as 
require the affiftance of modern difcoveries to in- 
terpret them; if his experiments do not afford 
decifive evidence ; if he has not deduced the con- 
fequences of his principles; then let the credit 
of one, who difcovered far, and that by the light 
of his own genius, be withheld from him in as 


much as he has failed in any of thefe requifites. I 
i can 
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ean juft conccive it poffible that a fingle important 
difcovery may be made without much fagacity: an 
undifcerning eye may perhaps by chance be fo 
placed, as to be aware of the manner in which 
nature performs fome one ot her hidden operations: 
but he who fhall furprize her often, mutt be allowed 
to have the difcerning eye, and to know where the 
proper point of view is to be found. 

“ Newton’s difcoveries concerning light, fland 
in the fame predicament with Mayow’s on air: 
both exhibit themfelves as the greateft deviations, 
prefented by the whole hiftory of fcience, from the 
ordinary and natural progres of knowledge ; they 
would undoubtedly (we fee that it has actually hap- 
pened in the one cafe) they would undoubtedly 
have been fome time made, but not till a century 
or two had improved the talent, both of obferva~ 
tion and of reflection; though our two illuftrioug 
countrymen, like the progenitor of mankind, when 
the archangel had purged his fight 

with euphrafy and rue,” ‘ 
were, by a peculiar privilege, admitted to the view 
of fcenes relerved for a diftant pofterity.” 


Or rue Prrumatic APPARATUS, AND OF THR 
Meiruop or MAKinc ExperiIMENTS ON VARIOUS 
Kinos or Arr. ‘ 


The apparatus before you is fufficient for 
moft of the experiments you will have occafion to 
make on the diffrent Kinds of air. Ie confifts 
of a tub or trough of wood, with a fhelf fixed 
therein: when you are uting it, you muft fill ie 
with water, 23 you fee it is ac prefent, fo as to rife 
rather more than an inch above the upper furface 
of the fhelf. Several glafs veffels or Jars are placed 
with their mouth downwards on the thelf, Sed fig. 
J, pl. 6. 

: I take’ 
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I take one of thefe jars, plunge it under the 
water, and then fill it therewith, and afterwards 
yaife it’ with the mouth downwards, and place it 
onthe fhelf; it continues, as you fee, full of water, 
and will do fo as long as the mouth is immerfed 
therein; for in this cafe, the water is fuftained in 
the jar by the preflure of the atmofphere, in the 
fame manncr as the mercury in the barometer. 
From the Lectures on air, it muft be evident to 
you, that if common air, or any fluid refembling 
common air in lightnefs and elafticity, be fuffered 
to enter thefe veficls, it will rife to the upper part, 
and will deprefs and force out part of the water. 

This glafs cup is fullofair; I plunge it into 
the water with the mouth downwards, and you cb- 
ferve that fcarcely any water enters the cup, becaufe 
it’s entrance is oppofed by the clafticity of the air; 
but if J turn the cup up it immediately fills, and 
the air rifes in feveral bubbles to the furface. I 
will now repeat the operation under one of thefe 
jars filled with water; the air afcends as before, 
ae inftead of joining the common mafs, is detained 
in the upper part of the jar. In this manner you 
may convey air from one veffel into another by a kind 
of inverted pouring, by which the air is made to 
afcend from the lower to the upper veffel. When 
the hole in the receiver is fmall, I place this funnel 
inverted in onc of the holes of the fhelf, then put 
the neck of the receiver over that hole, and the air 

affing through the funnel enters the receiver as 
efore. 

Here is a glafs bottle, fig. 2, the bottom of 
which is blown very thin, that it may fupport the 
hear of acandle fuddenly applied without cracking. 
In the neck is fitted a ground ftopple, which forms 
the lower part of the bent tube. By means of the 
flexure of the tube, J can eafily introduce the fur- 
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means Convey there any air that may be difenpaged 
from the materials. I may put in the bottle a, fig. ty 
pi. 6: of thefe I have feveral fizes for different: 
purpofes. Here isa fmall retort for the fame pur- 
pofe, the neck of which being plunged under one 
of the jars, the air extricated therein will be re- 
ceived inthe jar. 

Many elaftic fluids combine with water, and 
therefore require an apparatus in which quickfil~ 
ver is made ufe of ; a marble trough is the moft 
convenient for this purpofe. You operate with 
mercury in this apparatus exactly as_ with water in 
the formers but the receivers ufed with it are 
fmaller and ftronger than thofe ufed with the water 
apparatus. (fig. 3 and 4, p/. 6.) 

hen any thing, as a {mall cup, &c. is to be 
fupported at a confiderable height within a jar, it 
is convenient to have a bent wire, which takes up 
but little room, and is eafily fitted to any figure or 
height. 

To expel air from folid fubftances by means 
of heat, a gun barrel, with the touch-hole {crewed 
up and rivetted, is often ufed. The fubject is put 
into the chamber of the barrel, and the reft of the 
bore is filled with dry fand that has beeh well 
burned, to expel any air it might contain. The 
ftem of a tobacco pipe, or a fmall glafs tube, is 
luted to the orifice of the barrel ; the other end is 
put into the fire, that the air may be extricated 
from what it contains. 

The moft accurate method of procuring air 
from feveral fubftances, is to put them, :if they 
will bear it, into phials full of quickfilver, and 
then throw the focus of a burning mirror or lens 
upon them. ; 

To try whether air be fit for combutftion, you 
May put the air into a long narrow veffel, whofe 

mouth 
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mouth being carcfully covered may be turned up- 
wards ; a piece of wax candle being then faftened 
to the end of a wire, and io bent that the flame 
of the candle may be uppermoft, is to be let down 
into the veffel, which muft be kept covered till the 
inftant the lichted candle is piunged therein.* 

When the change in dimenfiens, which follows 
from the mixture of fevers! kinds of air, is to beaf- 
certained, a gradual, narrow, cylindrical vetfel may 
be made ufe of. ‘The graduations may be made by 
pouring in ficceffive equal meafures of water into 
this veffel, and marking it’s fiuface at each addi- 
tion, This meafure may be afterwards ufed for 
different kinds of air, and the change of dimen- 
fion will be {hewn by the rife or fall of the mer- 
cury in the graduated veffel. 

As the purity of common air is determined by 
the diminution produced by the addition of ni- 
trous air, thefe tubes have been called eudiometers. 
There is an inftrument alfo adapted for meafuring 
with accuracy the change in bulk that arifes from 
the mixture of thefe airs. ; 

The air-pump is ufed fer extracting the air 
from powders, and fuch fubftances as cannot be 
conveniently put into a phial, or paffed through a 
thei. 

To pafs the electric fpark through different 
kinds of air, a metallic wire is faftened to the up- 
perend of a tube, and the {parks or fhocks are 
paffed through this wire to the mercury or water 
ufed to confine the air ; or two wires may be ce- 
mented in oppofite holes in the fide of an herme- 
tically fealed tube. 









Or 
* See Cavallo on air. 
Nicholfon’s Firft Principles of Chemiftry, 


But above all, Dr. Prieflley’s Experiments and Obfervations 
on different Kinds of Air, = 
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Elaftic fluids are thofe which have acquired’ 
an aerial form, and which have the appearance of 
air; of thefe there are two kinds, thofe of gas or 
permanently elaftic fluids, and thofe of vapour - 
which are not permanently elaftic. 

Permanently elaftic fluids, or gas, are thofe 
which have a great quantity of fire, fo clofely and = 
intimately combined with the particles of the fub." 
ftance, as to preferve their clafticity in every known 
temperature. Vapour, or not Permanently elaftic 
Jiuids, are thofe, in which fire is not fo clofely com. 
bined, and which eafily lofe their elaftic ftate by a- 
change of temperature or denfity. : 

The various ftates under which you fee bodies, 
depend almott entirely upon the different quantity, 
nature, and degree of their combination with fire. 
Fluids differ only from folids, becaufe they poffefs 
at the common temperature of the atmofphere the 
quantity of fire which is requifite to maintain them 
in that ftate. ‘They congeal or become folid with 
greater or lefs facility, according as they require a 
greater or lefs quantity of fire ; fo that bodies feem 
to poffefs three diftinct quantities of fire : ; 

1, A certain quantity which always refifts the 
gravitating matter of the body, but which may be 

‘ feparated more or lefs: fire thus acting is called 
Senfible beat. 

2. The latent fire occafioning fluidity, by . 
which the hardnefs or concreting powers of a body 
are overcome: this quantity is in fome degree 
meafurable, and might properly be called the la~ 
tent fire of fiuidity. 

3. Acertain quantity of fire, by which, un- 
der certain conditions, fluids, &c. may be rendered 
elaftic : this may be called the latent frre of elafti-, 
a6, : : 

An 
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An elaftic acriferm fluid, or gas, is then a pe 
culiar combination of fire with a given fubftance. 
To reduce a fubftance to the gafcous or aerifotm 
ftate, confifts in diffolving it in fire, and thereby 
uniting it with an unknown fabftatice, from which 
union it acquires it’s peculiar qualities, Whenever 
gasis formed, there is an abforption of fire; and re- 
ciprocally whenever gas paffes into the folid or fluid 
ftate, the portion of fire neceflary to conftitute the 
flate of gas appears again and is fet at liberty. 

Fire exifts in every folid body; but the famd 
body contains more fire in the liquid than in the 
folid ftate, and ftill more when it pafics into an 
aeriform ftate. It is therefore neceffary to diftin- 
guithin every fpecies of gas the fire which aéts as a 
folvent, and the /:éfaace which is united to it, 
and ferves as a bafe. 

It is evident that fire eafily combines with 
Tome fubftanccs. 1 have already fhewn you, that 
there arc feveral that at the temperature of. the 
atmofphere are conftantly in the ftate of vapour. 
There are others which require higher degrees, in 
order to acquire this ftate. = 

In the firft ftate, or that of vapour, they foon 
Jofe the fire which raifed them, and return to their 
original form the moment the fire finds colder 
bodies to combine with. In the fecond, or that of 
gas, the fire is io cornbined with the volatilized fub- 
fiance, that the ordinary temperature of the atmo- 
fphere is not fufficient to overcome the union. 

Permanently elaflic fluids are all compreflible, 
cranfparent, colourlefs, invifible, and not conden- 
fable by cold. Some exift in nature without the 
aid of art; they may alfe be obtained by artificial 
means. Others are only procured by artificial 


means ; fome combine eafily with water, others da 
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cure them, according to the nature of the fluid 
"you with to obtain. — 

It will be neceffary before I proceed to point 
out a few among the errors contained in M. Lavoi- 
fier’s “ Elements of Chemiftry;”* errors which are 
highly prejudicial to true philofophy, and which 
thew, that however excellent he may be asa che- 
mift, he muft not be taken as a guide in philofophy, 
as you will eafily perceive by confidering his intro— 
duction to the Elements of Chemiftry ; for you will 
there find him affirming, “that water raifed to the 
temperature of 212 is changed into vapour, gas, 
or an aeriform fluid.” By ufing thefe words as 
fynonymous, he introduces the utmoft. confufion 
into philofophy. 4 

The vapour or fteam of boiling water is tin~ 
doubtedly an expanfible fluid, but it belongs to 
that genus of thefe fluids which is deftroyed by 
preffure and by cold. Now £as or aeriform fluids 
refift both the one and the other of thefe caufes, and 
are therefore often named permanently elaftic fluids. 
This diftinction, which is inconteftable, cannot 
be neglected without producing great errors. 

From hence you may deducé another error of 
Mr. Lavoifier’s, namely, where he afferts, * that 
all bodies are either folid or liquid, or in the ftate 
of an elaftic aeriform vapour, according to.the re- 
lation which exifts between the attraétive force of 
their molecules, and the repulfive force of heat 3° 
for, on the contrary, there are no known bodies to 
which this ftatement applies. Again he affirms, 
«that if only thefe two forces exifted, bodies would 
become liquid at an indivifible degree of the ther- 
mometer, and would pafs inftantaneoufly from 
folidity to aeriform fluidity ; thus water, for in- 
ftance, the very moment when it ceafes to be ice, 
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happen, depends upon the action of a third force, 
the preffure of the atmofpherc.”” ; 

Mr. Lavoifier falls into two crrors here, firft, 
by confidering the fteam of boiling water as an aeri- 
form fluid; fecondly, by fuppofing that there is . 
no other union of fire and water in an expanfive 
form, but when the fluid product is fufficiently 
denfe to counterballance by itfelf the preffure of the 
atmofphere. Whereas it is evident, from all phe- 
nomena and experiments, that aqueous vapour is 
formed in open air at every temperature, and 
mixes with the air without being deftroyed by it’s 
preffure. The fame alfo takes place with other 
fluids of the fame kind. | 

To prove this theory of the production of 
aeriform fluids by the fimple union of fire toa liquid, 
when not counteracted by the preffure of the at- 
mofphere, Mr. L. cites thofe expanfible fluids 
which are formed in vacuo at the ordinary tempe- 
yatuye of the atmofphere, as by ether, alcohol, water, 
and mercury; and he gives to all thefe mere pro- 
ducts of evaporation, the name of aeriform fluids, 
though neither of them will refift cold or a ftrong 
preffure. But befides, thefe fame liquids evaporate, 
under the preflure of the atmofphere as well as in 
vacuo, there being no difference in the two cafes, 
but in the time employed to evaporate the fame - 
mafs. In vacuo nothing oppofes the actions of 
fire, firft in detaching and then in feparating toa 
certain diftance the particles from the furface of 
the fluid: the air refifts both thefe effects, and - 
thus retards the operation: but the difference in- 
fluences only as to time, for the laws of evaporation 
are the fame in vacuo as in open air. 

Each particular kind of vapour has a-mecha- 
nifm peculiar to itfelf, refulting from the velocity 
that fire preferves amongft it’s particles, and the 
mafs of the fubftance with ¥ hich it is connected. 

3 This 
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Thus with particles of the fame mafs, the greater 
the velocity of fire in any kind of vapour, the 
greater will be the expanfive force of the vapour. 
There is another law of evaporating liquids to be 
attended to, namely, that different kinds will be 
more or lefs denfe at the fame temperature, and 
thus there may be different maximums for each, 
or diftances at which their particles will unite : 
for the limits of denfity in vapour arife from the 
tendency of the particles to unite when they are 
at a certain diftance. Thefe laws are exercifed in, 
Open air, as in vacuo, and vice verfa. 

Mr. Lavoifier has been led into thefe errors 
by attending principally to the regular diminution 
of the degree of heat at which liquids boil, in prom 
portion as there is lefs incumbent preffure on their 
furface. Now ebullition is only an accidental 
phenomenon, which enters for nothing in the fun 
damental theory of vapours. For if we could ex~ 
pel all the air that is contained in liquids, they 
would xever dol, neither in vacuo Nor in air, and 
would then only evaporate at their naked furface. 
The evaporation would indeed be flower, but ftill 
under the fame laws, and would acquire at the fame 
temperaturean equal denfity with the vapours arifing 
by ebullition from liquids not purged of air. For 
the degree of heat at which a liquid do#/s, is thar 
where it’s vapours are capable of fupporting alone 
the incumbent preffure, and which are formed in 
the bofom of the fluid as foon as there is any folu- 
tion of continuity, ; 

All liquids evaporate in open air, and their 
products (vapours) are fubject to the fame laws as 
df no air exifted; but no known liquid can alone 
form an atmofphere as denfe as our’s, at leaft fo 
long as the vapours do not change their ftate, for 


as foon as they get above a certain degree of den- 
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perior ftrata. Whereas an aeriform fluid may com- 
pofe an atmofphere without limits, for we know 
of no degrees of preffure that will deftroy thefe 
fluids. 

Hence you fee how M. Lavoifier errs, when 
he affirms, “That the views he has taken of the 
formation of aeriform elaftic fluids, or gas, throws. 
great light on the original formation of the atmo- 
fpheres of the planets, particularly that of our 
earth; for we readily conceive that this muft con- 
fift of atl the fubftances capable of being evaporated, 
orrather of remaining in an acriform ftate at the 
temperature of our atmofphere, and under a pref~ 
fure equal to that of a column of quickfilver in the 
barometer 28 inches high.” Now real aeriform 
Jinids fubfift at every degree’of known prefiure, and 
at every temperainre ; but of vapours there are none 
known which can alone fupport the total preflure 
of the atmofphere at it’s ufual temperature with us. 
"Thus you fee how one fmall error leads to others, 
and how readily a falfe principle is adopted to re- 
gulate the fyftem of nature by thofe who love to 
indulge in fpeculation. 

Expanfible fluids are become, and with reafon, 
ene of the moit interefting objects for a natural 
philofopher, as their compofition and decompo- 
tion is conneéted with the greater part of thofe 
phenomena that are daily prefented for obfervation. 
This part of phyfical knowledge was. very little 
known: before our own time; by the difcovery 
thereof, fcience has been effentially promoted. 
We fhould, however, be careful not to be feduced 
by novelty, nor fuffer a pleafing profpect to make 
us neglect the fields already cultivated. 

M. Lavoifier ftill proceeds to heap error om 
error. To fix (fayshe) our ideas on this fubject,, 
confider what would have happened to the various 
fubfiances of our globe, if it’s temperature were 

: fuddenly 


Nature awp Paopertizs or Erastre Fivips. 437 


fuddenly altered ; ifthe earth were fuddenly tranf- 
ported into a very cold region, the air, or at leaft 
fome of the aeriform fluids which compofe it, 
would ceafe to exift in the ftate of elaftic vapours ; 
for want of a fufficient degree of heat they would 
return to their /iguid ftate, and new liquids would 
be formed, of which we have at prefent no. idea.’ 
in this extract you find the fame confufion of terms 
as runs through the whole of this part of his trea= 
tife; hence alfo a confufion of phyfical notions : 
for we know of no aeriform fluid that is deftroyed 
by cold, nor is there any reafon to fuppofe that there 
are any fluids of this kind, that by being deprived 
only of fire are converted into /iguids. With re- 
{pect to vapours, properly fo called, we know of 
none, (although there are many kinds in our at- 
mofphere,) but the aqueous, af which the decom- 
pofition produces a liquid. 

The fame confufion affects other parts of his 
work ; we find him inferring from the two oppo- 
fite fuppofitions of extreme heat and extreme 
cold, “that folidity, liquidity, and elafticity, are 
only three different ftates of the fame matter, 
three particular modifications through which 
almoft all fubftances may. fucceffively pafs, and 
which /olely depend on the degree of beat.” Thefe 
affertions involve all our phyfical knowledge 
‘in obfcurity. Now I know of no fubftance but 
ice and metals, which pafs from a folid ftate to that 
of a liquid by the addition of fire alone. 

For thofe, which even in appearance are fufi- 
ble alone, are not fo in the fame mannerafter being 
cooled, as they were before fufion; which proves 
in general, that the fufion of thefe fubftances docs 
not proceed from the operation alone of fire, but 
from certain chemical combinations put in action 
by fire. : 

Nor is there any known fubftance which paffes 
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from a liquid to an aeriform ftate by the addition 
of firealone. Indeed this change is ftill myfterious, 
and feveral links are ftill wanting in the chain, in 
order to unite it to our prefent knowledge. 

Fire is without doubt the caufe of the expan- 
fion of every phyfical fubftance; but there is none 
that we are acquainted with, which by the change 
of fire alone pafs from an aeriform ftate into 
fuch a one as it was known tous when in a concrete 
form, water excepted. Every air that we produce, 
whether by the application of heat to certain fub- 
ftances, or by mixture, all leave a refiduum, and 
always differ from the fubftances originally em= 
ployed. The general means of learning what part 
of thefe fubftances paffcs into the aerial ftate, is by 
a comparative analyfis of the fubftance itfelf, and 
the fenfible product therefrom, atr and the refiduum s 
but whoever confiders {crupuloufly thefe analyfes, 
muft acknowledge that they are too imperfect to 
ferve for the foundation of an hypothefis, 

Among the various hypothefes, the following 
is that which includes the greateft variety of cafes, 
and is of courfe the moft extenfive in it’s applica- 
tion; namely, that whatever fubftance is employed 
to produce air, water entcrs as a conftituent part of 
that air; that water forms the ponderadle or gravi= 
tating part of every aeriform fluid ; that though 
fire be the immediate caufe of their aeriform ex~ 
panfibility, yet it does not in this cafe act as the 
fire of dilatation. But further, there is alfo fome 
fubftance without weight which contributes to their 
union, and which forms the diftinguifhing charac- 
teriftic of every fpecies of air.:+ .° ~: 

From hence it follows, that to decompofe any 
air, it muft be deprived-of that fpecific fubftance 
which is the medium between the water and the 
fire. The nature of the air may be changed, with- 
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out lofing it’s aeriform exiftence, if this interme- 
diate fubftance be changed or altered. 

Fire, when communicated to water, forms an 
expanfible fluid, but not one that is permanently 
elaftic. It is vapour or feam that may be decom- 
pofed by compreffion or cofd: but with the addition 
only of light to thefe two fub{tances, an aeriform 
Huid is formed, as has been fhewn by Dr. Prieftley, 
M. de Luc aifo, in the courfe of his curious experi- 
ments on hygrometry, obferved, that the heat of 
the room never produced any air from a veffel full 
of water therein, but that as foon as it received the 
incident rays of the fun, bubbles of air were formed, 
and continued to be formed as long as the light fell 
upon it. There is in water always a fufficient 
quantity of fire for the production of vapour, but 
this is not fuflicient for the purpofe of the above- 
mentioned phenomenon; for vapour cannot be 
produced in the midit of water in the ordinary 
temperature of the air, the production thereof is 
prevented by the preffure of the atmofphere ; but if 
4ight intervenes in fufficient quantity, it combines 
with the fire and the water, and inftead of vapour 
produces an aeriform fluid. : 

From what hath been already faid, as well as 
from what will appear on a further review of the 
fubject, I think we may venture to affert, that the 
following propofitionsof M. de Luc givethe cleareft 
account of aeriform fluids, are more agreeable to 
obfervation, lefs liable to objection than any other 
view of the fubject, and are more conformable to 
the beft rules of phyfical reafoning. 

1. That there is no inftance of any fubftance 
pafling into a permanent aeriform flate merely by 
the addition of fire. 2. That air or gas differs 
from aqucous vapour, by the addition of fome im, 
ponderable fubftance. 3. That water conftitutes 
the ponderable part of all aeriform fluids: this 
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hypothefis is fupported by a number of facts, con~ 


‘tradicted by none, and throws great light on mete- 


orology. 4. That itis the water of the airs or 
gafles which augments the weight of thofe fub- 
ftances to which they unite, and diminifhes that of 
thofé from’ which they aie difengaged. 5. That 
the fubftances peculiar to a certain {pecies of aeri- 
form fluids are the caufe of acidity. 6. That 
phlogifion, a fubftance as imponderable as fire, is 
a fubftance that diftinguifhes every fpecies of in- 
flammable air; ata certain degree of heat it unites 
with vital air, and this union is the immediate 
caufe of infammation. 7. That befides phlogifton 
there exifts in light inflammable air, another fub- 
ftance that diftinguifhes it from the whole clafs of 
heavier inflammable'airs ; a fub{tance fo affociated 
with phlogifton as to prevent it’s decompofing vital 
air, but changes it intoaqueous vapour. 8. Aque- 
ous vapour is a fluid confifting fimply of water and 
fire; it is not permanently aeriform, becaufe it 
may be reduced to it’s original form by preffure or 
cold. 9. That aqueous vapour is eafily decom- 
pofed, becaufe it’s union with fire is weak ; if they 
were fo ftrongly united as not to be feparated, unlefs 
by fome chemical affinity, the aqueous vapour would 
be changed into an aerifotm fluid. ; ies 
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This air was difcovered by Dr. Prieftley, 
though certainly known:to Dr. Mayow, in the laft 
century; it is a production of a moft interefting 
nature to philofophy:: it was ‘firft named dephlo= 
gifticated air. The French chemifts confider it ag 


‘confifting of a bafe called oxigene, combined witha 
‘great quantity of fire. Re 


The fuppofed bafe has been called by the 
French oxigene, becaufe they confider it as the true 
: : . acidifying 
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acidifying principle, witheut which there would 
be no acid. 

Refpiration peas the fame effect on air 
as combuftion. hen an animal is included ina 
limited quantity of atmofpherical air, it dies as 
foon as the air is vitiated. Vital air, in fimilar 
circumftances, maintains the life of animals much 
longer thancommonair. Vegetables do not thrive 
in vital air. 

No part of the atmofphere exhibits this air im » 
it’s greateft degree of purity; you will always find 
it combined, mixed, or altered by other fubftances. 
‘As it is combined with various fubftances, by de- 
compofition it may be eafily extracted and pro~ 
cured. 

Heat extricates it from a variety of fubftances, 
particularly from nitre, from allum, lapis calami~ 
naris, and from the native calx of manganefe, and 
from thofe metallic calces which may be revivified 
without inflammable matter, as the calces of mer-~ 
cury precipitate per fe, and the red precipitate, or 
mercury calcined by the nitrous acid; thefe furnifle 
it in great quantities,as you may readily affure your-. 
{elves by the following experiment. I firft put ar 
ounce of red precipitate into this bottle, which is 
furnifhed with a ground {topple and bent tube, and 
then place it on a chafing difh; as foon as the ate 
mofpheric air is all expelled by the heat, I tranfport 
the chafing difh and bottle to my pneumatic tub, 
and put the bent tube under one of the receivers that 
are filled with water; in proportion as the mercury 
is revivified, you perceive that air paffes through the 
tube, drives the water out of the receiver, and oc= 
Cupies it’s fpace; itis, as you may obferve, tranfpa- 
rent, colourlefs, and invifible ; and you will alfo 
find that it is elaftic and compreffible; in a word, 
you will find it to be pure, refpirable, or vital 
alr, : : 
od It 
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It may be obtained from minium, which is a 
calx of lead, when it is moiftened with the nitrous 
acid: inthis cafe it is the nitrous acid which fur- 
nifhes greateft part of the vital air. All acids are 
connected with vital air; there are fome which part 
with it eafily. About 1200 cubic inches of vital 
air may be obtained from a pound of nitrous acid : 
nitre, with alkaline or earthy bafes, acetated mer- 
cury, and arfenicated zinc, afford this fluid in vari- 
ous quantities, by the action of light or heat. This 
fluid does not exift entire in any of thefe bodies ; 
it is only as they contain nothing more than it’s 
ponderable bafe, which is difengaged and rendered 
an elaftic fluid by the heat; for the metals can only 
be calcined by combining with the ponderable part 
of the air, which becomes folid in them, and adds 
to their weight. This is again expelled by heat, 
and combining with the fire, paffes off in the form 
of an elaftic fluid. During the operation, the 
ynetal lofing this ponderable part which had re- 
duced it to a calx, recovers it’s phlogifton and 
metallic brilliancy, but lofes the weight it had 
gained by calcination, 

Mr. Chaptal fays, that a bottle of dephlogif- 
- ticated muriatic acid | expo/ed to the fun, fuffers all 
the fuperabundant vital air to efcape, and paffes 
into the ftate of the common muriatic acid, If the 
fame acid be expofed to the fun, in a bottle wrap- 
ped in black paper, it does not fuffer any change ; 
and even when heated ina dark place, is reducible 
into gas, without being decompofed. 

The folar rays, when acting with any con-~ 
fiderable energy, will alfo difengage vital air from 
the calces of mercury, filver, and gold. 

The marine falt of filver placed ‘under water 
and expafed to the fun, gives out it’s yital'air; red 
precipitate, in fimilar cafes, affords vital air, and 
does not require a long time before ‘it becomes 

; 1 “black. 
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black. You may alfo obtain vital air by means of 
the vitriolic acid. M. Chaptal ufed for this pur- 

pofe the following fimple procefs. He put two 

ounces of manganefe in a fmall apothecary’s phial, 

pouring thereon as much vitriolic acid as formed it 

into a liquid pafte; he fitted-one end of a leg curv= 

ed tube to the neck of the bottle, and let the 

other be inferted under a receiver in the pneu- 

matic tub, as in our former experiment, and then: 
prefented a heated coal to the lower part of the 

bottle. The manganefe he ufed was fome he dif. 

covered at St. Jean de Gardonnenque, which af 

fords vital air with great facility, nothing more 

being neceffary for their purpofe than to incorpo. 

rate it with vitriolic acid. The firft bubble is ag 

pure as the laft. Vital air difcolours vegetable and 

animal fubftances : when abforbed by fixed oils, it 

thickens them and reduces them into a ftate rea 

fembling wax. 

We have already told you, that this pure and 
vital air is difengaged from fome fubftances, mere~ 
ly by the influence of folar light. You will foon 
fee, that the influence of ight on the operations of 
nature is exceedingly extenfive; and will be able, 
by a very eafy fet of experiments, to convince 
yourfelves of the nature of the procefs. 

Vital air continually emanates from vegeta 
- bles expofed to the light of the fun: the leaves 
feem to elaborate this air by the means of light ; the 
folar fluid is: abforbed, and becomes the caufe of 
colour, flavour, &¢. ‘in the vegetable. Ina word, 
it is fixed there as phlogifton. The fame operation 
enables the leaves. of plants to emit the vital air. 
The emiffion. of vital air is proportioned to the 
vigour of the plant, and the vivacity of the light. 

Dr. Prieftley has fhewn that plants have a 
power of correcting bad air, and Dr. Ingenhoufz 
that they have the faculty of ‘elaborating the air 
: oF : Rott ” they 
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they contain, and pouring down continually into 
the atmofphere fhowers of vital air, to render it 
more fit for animal life; and that this is entirely 
owing to the influence of the folar light on the 
plant. And J invite you to repeat his experiments 
when you are in the country in the fummer feafon, 
as they are eafily made, and will aftord you a very 
rational amufement. 

The procefs for extracting this air from ve- 
getables is exceeding fimple: it confifts in immer- 
fing or inclofing them in water, in an inverted 
gilafs veffel filled therewith, and placed on the fhelf 
of your pneumatic tub. The moment the plant 
is acted on by the fun, you will obferve fmal! bub- 
bles of air formed on it’s leaves, which gradually 
grow larger, and detaching themfelves from the 
fibres of the leaf, arife to the upper part of the 
veffel, and difplace the water. 

All plants do not emit this air with the fame 
facility ; there are fome which emit it the mo- 
ment the fun aéts upon them, as the leaves of the 
jacobea, of lavender, and fome aromatic plants. 
Some aquatic plants feem alfo to excel in this ope- 
ration; others emit it more flowly, but nane later 
than 8 or 10 minutes, provided the fun’s light be 
ftrong. The air is almoft totally furnifhed by the 
inferior furface of the leaves of trees ; herkaceous 
plants afford it from almoft the whole of their fur- - 
face. The leaves afford more air when attached 
to the plant, than when gathered; and the quantity 
is greater, the frefher and founder they are. Young 
leaves afford buta fmall quantity of vital air, thofe 
which are full grown afford more, and the more 
the greener they are ; for it is not produced by 
leaves which are injured or yellaw. The paren- 
chyma of the leaf appears to be the part which 
emits the air. The epidermis, the bark, and the 
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air is only furnifhed by the green parts of plants. 
Thus alfo green fruits and grain afford this air.; 
but it is not furnithed by thofe which are ripe ; 
and flowers in general render the air noxious. 

M. Chaptal mentions having often collected 
this air, and that in abundance, froma kind of 
mofs, which covers the bottom of a veffel filled 
with water, and fo well defended that the fun. ne= 
ver fhone directly upon it. 

Dr. Ingenhoufz obferves, that the confers 
va, as well as the green matter which is formed 
.on water, affords much vital air. M. Senebier has 
fhewn, that an acid diluted in water increafes the 
quantity of air which is difengaged, (when the 
water is not too much acidulated,) and in this cafe 
the acid is decompofed. 

Water plants, it has been obferved to you, are 
remarkably vigorous in this property of yielding 
vital air, and thus correct the inflammable air bred > 
by the foil in low marfhy grounds; fo that thefe 
places produce one of the beft remedies for their 
own natural evils: and thus do all things work 
together for good. 

The plant of the nafurtium Indicum, in the 
{pace of two hours, gives out more pure air than 
equals the bulk of all it’s leaves: whata quantity. 
them muft be difcharged from lofty trees in a day’s 
time. Does not this point out an error in the 
modern practice of leaving dwelling-houfes fo 
naked to a confiderable diftance, and deftitute of 
vegetation. 

The act of vegetation alone is not fufficient to 
produce this falutary effect upon the air: it is ve- 
getation in the fun-fhine from whence this good 
1s to be expected. 

The fun does not act merely from it’s heat : 
the emiffion of this gas is occafioned by the light, 
and may therefore be obtained by a ftrong light, 

. without 
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without the direct action of the folar rays; the 

_ excretion is {tronger asthe light is more vivid. Ic 
would feem as if light favoured the work of digef- 
tion in the plant, and that the vital air, which is 
one of the principles of almoft all the nutritive 
juices, more efpecially of water, is emitted, when 
it finds no fubftance to combine with in the vege- 
table. Hence it arifes, that plants, whofe vege- 
tation is the moft vigorous, afford the greateft 
‘quantity of air. 

Ir. Ingenhoufz, fince the publication of his 
Englith work on vegetables expofed to the light of 
the fun, has been more or lefs conftantly employed 
on the fame fubject ; and on occafion of fome con- 
troverfies, has publifhed, both in French and Ger- 
man, many experiments, all tending to the fame 
conclufion. His chief controverfy was with Mr. 
Senebier of Geneva, which, however, has termi- 
nated completely in his favour ; for his antagonift 
has candidly acknowledged that he was totally 
mifled by fome inattention in conducting his pro- 
ceffes. In the Acta Theodoro-Palatina is a very 
long feries of experiments by profeffor Succow of 
Mannheim, which exactly coincide with thofe of 
Dr. Ingenhoufz. P , 

He concludes his account of them in the fol- 
lowing manner. “ Thofe effects of the folar light 
on plants, which Dr. Ingenhoufz firft fo admirably 
pointed out, are confirmed by the preceding expe- 
riments, in which trees and plants appeared moft 
capable of yielding pure air inthe light of the fun; 
whercas in the fhade they afforded air more or lefs 
phlogifticated. That the air which is extricated 
when vegetables are expofed in water to the fun- 
fhine, proceeds from their leaves and other parts, 
{carce needs any proof. Water indeed does con- 
tain a quantity of air which is difengaged by the 
influence of light; but the quantity is fo fparing 

even 
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even ina large quantity of water, that it can by 
no means be fet in competition with that which 
vegetables yield in the courfe of a few hours. Did 
this air proceed from the water, it would in a very 
few cafes prove fo pure, unlefs the water contained 
fone of the green conferva; but then it would be 
to this mofs that the origin of the air mutt be 
afcribed. The difference in the air itfelf, which. 
vegetables yield when other circumftances are alike, 

uts it beyond all doubt, that the air proceeds not 
bom the water, but the vegetables.” 

Dr. Ingenhoufz, in his laft work, has related 
fome variations of his experiments. He found 
that water impregnated with acids, alkalies, neu- 
tral falts, expreffed juices of vegetables, as of 
raifins, peaches, &c. very much promoted the 
production of pure air by vegetables, except in the 
cafe of the graffes (of which the product is varia~ 
ble from undifcovered caufes), of the conferva 
rivularis, and water-plants in general, which are 
killed by fixed air, and fome others, when thisacid 
is employed. A few fubftances, fuch as the juice - 
of onions, cucumbers, and turneps, prevented, 
inftead of forwarding, the extrication of air. 

Among the fubftances which favour the ex- 
trication of pure air, we have every thing which 
can well be fuppofed to enter into the compofition 
of manure, falts fimpleand compound, with the 
juices and extractive matter of plants. If we may 
affume, that the production of this falutary fluid is 
a natural function and an healthy procefs, it fol- 
lows directly, that the u/e of manure is to occafion 
@ greater exertion of that funGion, 

That the production of vital air is among the 
chief funtions of vegetables, is a fuppofition coun- 
tenanced by many experiments. - Mr. Cavendith 
himfelf infers, that the vital air obtained by Dr. 
Ingenhoufz comes from the decompofition of wa- 

ter. 
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ter. There is one experiment related by the laft- 
mentioned author, highly. remarkable, and not to 
be explained on any other fuppofition that has been, 
hitherto thrown out: “I boiled (fays he) fome 
water for twohours, and then poured it boiling into 
a glafs balloon of the capacity of 200 cubic inches. 
‘The balloon was then carefully clofed. Before the 
water was grown quite cold, I introduced into the 
balloon four cubic inches of granulated green mat- 
ter, which was taken out of the great refervoir in 
the botanic garden (at Vienna), and repeatedly 
wafhed in boiling water; care being taken ‘to 
Tqueeze out after each wathing all the moifture, in 
order that none except boiling water might remain 
adhering to it. ¥ next clofed the.balloon with a 
perforated ftopple; in order to allow the water an 
exit when it fhould be preffed by the air evolved 
from the green matter. The balloon. was inverted 
into a vellel of quickfilver placed in the fun. The 
air generated at firft was abforbed by the water 
itfelf: but being foon faturated, it refufed to take 
up any more; and in the courfe of a few days I 
found a confiderable quantity of air collected.” If 
then it be true that water is decompounded by ve-~ 
getables, it follows that inflammable air or phlo- 
giffon is abforbed and fixed; an opinion counte- 
cnanced by Priefticy’s experiments on charcoal, on . 
fliced roots of onions, Sc. for neither he nor Sene- 
bier, nor Ingenhoufz, nor I think any other, has 
ever found inflammable air in the elaftic fluid af- 
forded by the’ leaves and other proper parts of ve-~ 
getables expofed tothe fun. The inflammable mat- 
ter which furrounds certain vegetables is, I fup- 
pofe, an effential oil im the ftate of vapour ; and 
if any plarit fhould yicld inflammable air in the 
way I have mentioned, I doubt not but it would 
furnifh, in other refpects as well as this, a fingular 
exception to the reft of the kingdom. 

There 
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There is {till another corollary more precife 
and fatisfactory to be drawn from thefe premifes. 
The quantity of vital air that is extricated, will 
afford a teft of the quantity of food taken in the 

lant. 

J It may, moreover, be fuppofed, that the addi- . 
tions, which Dr. Ingenhoufz made ufe of, are not | 
thofe which will produce the greateft effect. It is 
reafonable to fuppofe, that Nature, in the immen- 
fity of her ftores, has ftimulants far exceeding thefe 
in power; which further inquiry will both difcover 
and teach how to apply. For if thefe principles 
be juft, they will be eafily applicable, when we 
are in poffeffion of a greater number of facts, both 
to gardening andagriculture: and 1 doubt not but 
that in time a rational fyftem of vegetable medi- 
cine may be conftructed, if the fubject be properly 
profecuted. In the mean time, languifhing trees 
may be wafhed or fprinkled with water acidulated 
with vitriolic acid, which Ingenhoufz found to be 
moft effectual in promoting the production of 
pure air. ; 

It will not be difficult forany perfon, who may 

choofe to reflect on the fubject, to contrive other 
experiments, by which thefe principles may be 
confirmed or refuted. 
. This: vital air from plants is a Zexeficent 
gift from God, to repair inceffantly the confump- 
tion thereof in the ceconomy of nature. The plant 
abforbs atmofpherical mephitis, and emits vital 
air. Manon the contrary is kept alive by vital 
air, and emits much mephitis. ‘The animal and 
vegetable kingdoms therefore labour for each other. 
By this admirable reciprocity of ferviccs, the at- 
mofphere is continually repaired, and an equili- 
brium maintained between it’s conftituent prin- 
ciples. 

From thefe difcoveries, fays Sir J. Pringle, 

Vou. I. Gg _we 
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we are affured, that no vegetable grows in vain; 
but that from the oak of the foreft to the grafs of 
the field, every individual plant is ferviceable to 
mankind; if not always diftinguifhed by fome 
private virtue, yet making a part of the whole, 
which cleanfes and purifies our atmofphere. In 
this the fragrant rofe and deadly night-fhade co- 
operate: nor is the herbage, nor the woods that 
flourifh in the moft remote and unpeopled regions, 
unprofitable to us, nor we to them, confidering 
how conftantly the winds convey to them our vi- 
tiated air for our relief, and their nourifhment. 
‘And if ever thefe falutary gales rife to ftorms and 
hurricanes, let us ftill trace and revere the ways 
of a beneficent Being, who not fortuitoufly, but 
with defign, not in wrath, but in mercy, thus 
fhakes the waters of the earth together, to bury in 
the deep thofe putrid and peftilential effluvia, which 
the vegetables upon the face of the earth had 
been infufficient to confume. 

The properties of vital air are more or lefs 
ftriking, according to it’s degree of purity. This 
depends in general upon the fubftances from which 
it is produced. Tha obtained from mercurial 
calces generally holds‘a fmall quantity of mercury 
in folution. M. Chaptal mentions it having fpee~ 
dily falivated two perfons who ufed.it for diforders 
in the lungs ; and alfo that having filled bottles with 
the air, and then expofed them to an intenfe cold, 
the fides became ob{cured with a ftratum of mer- 
curial calx, in a ftate of extreme divifion: that 
having heated the bath, over which he caufed this 
air to pafs, he obtained at two different times 
yellow precipitate. The air obtained from plants 
js not equally pure with that afforded by the me- 
tallic calces. 

Vital air is heavier than atmofpheric air. A 
cubic foot of atmofphcric air weighs 720 grains ; 

a cubic 
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acubic foot of vital air 765 grains. Mr. Kirwan 

makes it’s weight to that of common air, as 1103 

to 1000. 

Several of the metals, when diffolved in fpirit 
of nitre, afford, by an effervefcence, a kind of air 
called nitrous air, of which I fhall {peak hereafter. 
If this air be mixed with any other elaftic fluid 
which contains vital air, it unites with this laft, 
and forms red fumes, which fall down, and are 
found to confift of nitrous acid; the air is dimi- 
nifhed in bulk by the lofs, and hence the. nicrous 
air becomes a teft of the goodnefs of refpirable 
air. ; 

Vital airis the only fluid proper for combutf- 
tion: for when bodies burn in common air, it is 
only the vital air contained therein which affifts 
combuftion. When the vital air is pure and dif- 
engaged from other fluids, there is great increafe 
of heat and light during the combuftion. Thefe 
two phenomena are occafioned by the rapid fepara- 
tion of the fire, which is difengaged from the body 
and from the vital air, It appears from experi- 
ment, 1. That there isno combuftion without vital 
air. 2. That in every combuftion there is an ab- 
forption of vital air. 3. That there isan augmen- 
tation of weight in the produéts of combutftion, 
faid to be equal to the weight of the vital air that 
isabforbed. 4. In all combuftion, heat and light 
are difengaged. foe 

I plungea lighted taper into one of thefe vef- 
fels filled with vital air; the lame you fee becomes 
inftantaneoufly more ardent, more lively, more 
luminous, whilethe combuftion is four times more 
rapid. 

Here is a bit of wood, one end of which hag 
been charred; I light it, and then plunge it into 
this bottle of vital air; the wood you fee inflames 

- immediately, and burns away with aftonifhing ra~ 


Gg2 pidity. | 
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pidity. You remember Dr. Ingenhoufz’s brilliant 
experiment, when we burnt the iron wirein vital 
air. 

Mr. Lavoifier prepared an apparatus proper 
toafcertain the quantity of vital air introduced into 
it; and alfo what was confumed during the expe- 
riment ; fome phofphorus was placed in this apr 
paratus ; when the whole was properly difpofed, 
he fet fire tothe phofphorus with a burning glafs, 
the combuftion was extremely rapid, accompanied 
with a bright flame and much heat. As the ope- 
ration went on, large quantities of white flakes 
attached themfelves to the inner furface of the 
globe, fo that at laft it was rendered quite opake. 
The quantity of thefe flakes became fo abundant, 
that although frefh vital air was continually fup- 
plied, which ought to have fupported the com- 
buftion, yet the phofphorus was’ foon extin- 
guifhed. 

The apparatus being completely cooled, he 
firft afcertained the quantity of vital air employed, 
and weighed the balloon accurately before it was 
opened. He then washed, dried, and weighed, the 
fmall quantity of phofphorus that remained in the 
cup; this refiduum was ofa yellow ochrey colour, 
By thefe feveral precautions he determined, rft. The 
weight of the phofphorus. 2. The weight of the 
flakes produced by the combuftion. 3. The weight 
of the vital air combined with the phefphorus. 
The refult fhewed, rft. That the phofphorus, du- 
ring it’s combuftion, had abforbed rather more 
than one and a half it’s weight from vital air. 
2, That the weight of new fubftances produced, 
exactly equalled the fum of the weights of the 
phofphorus confumed, and the vital air employed. 

You have been told, that phofphorus is 
changed by combuftion into an extremely light, 
white, flakey matter; the properties are entirely 


altered by the transformation, From being info- 
lable 
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luble in water, it is now not only folvible therein, 
but fo greedy of moifture as to difengage the hu- 
midity trom the air with aftonifhing rapidity, by 
which it is converted intoa liquid more denfe, and 
of greater fpecific gravity than water. The phof- 
phorus before combuftion had fearcely any fen- 
fible tafte ; by it’s union with vitalair, it acquires 
an extremely /ourp and four tate; ina word, from 
the clafs of combuttible bodies, it is changed into 
an incombuftible fubitance, and becomes one of 
thofe bodies called acids. 

Many other combuftible fubftances are alfo 
thus converted into acids by the addition of vital 
air, The French writers, therefore, term every 
combination of vital air with a combutftible fub- 
ftance, oxygenation. 

Sulphur is a combuftible fubfance, or in 
other words, it is a body which pofieffs a pow- 
er of decompofing vital air by feparating trom 
it the fire with which it was combined This 
is eafily proved by experiments fimilar to the pre- 
ceding, though the refuits cannot be obtained 
with the fame accuracy ; becaufe the acid formed 
by the combuftion is not eafily condenfed, becaufe 
fulphur does not burn fo eaiily as the phofphorus, 
and is foluble by different gales. Mr. Lavoiticr 
fays, that notwithftanding this, he can affirm 
from his own experiments, that fulphur in 
burning abforbs vital air (or more accurately the 
water therein) ; that the refulting acid is con-. 
fiderably beavier than the fulphur burnt ; that it’s 
weight is equal to the fum of the weights of the 
fulphur, which has been burnt, and of the vital air 
which has been abforbed ; and laftly, that thisacid 
is weighty, incombuftible, and mifcible with wa. 
ter in all proportions. 

Charcoal decompofes alfo vital air, by abferb- 
ing the bafe fromthe fire; the acid refulting 
this combuttion, is not condenfible in the 

G g 3 mon 








454 Lectures on Natura Puirosopuy. 


thon temperature and preffure of our atmofphere, 
it remains in the fate of gas, and requires a large 
portion of water to be combined with or be dif. 

.folved in. It has however the properties of all 
-other acids, though in a weaker degree. This 
acriform acid was called fixed or Jixable air, by the 
chemift who firlt difcovered fome of it’s proper- 
ties. 

Mr. Lavoifier affirms, that it is eafy to prove 
that all acids are formed by the combuftion of certain 
JSubfiances ; that the ponderable part of vital air 
is an element common tothemall; and that from 
many acids vital air may be eafily obtained. 

Vital air is {eparated from it’s fire by metals, 
when heated to a certain degree; in confequence 
of which all metallic bodies, excepting gold, filver, 
and platina, have the property of decompofing 
vital air, and attracting the bafe * from the fire with 
which it was combined. We have already fhewn 
you, in what manner this decompofition takes 
place, by means of mercury and iron: the firft is a 
very gradual combuttion ; the latter is very rapid, 
and attended with a very brilliant flame. The 
heat employed in thefe operations, is to feparate 
their particles, and loofen their cohefion. 

The abfolute weight of metallic fubftances is 
augmented in proportion to the quantity of vital 
air they abforb; they lofe at the fame time their 
metallic brilliancy, and are reduced into an earthy 
pulverizable matter. 

The metals do. not act fopowerfully in vital air 
as to feparate it entirely from it’s fire, which is fup- 
pofed to be the reafon that they are not converted 
into acids like fulphur, phofphorus, and charcoal, 
but intoan intermediate fubftance, which, though 
approaching the nature of falts, has not acquired 
all the faline properties. The old chemifts affix 

the 
* The ponderable bafe is water. 
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the name of calx to metals in this ftate; the French 
chemifts have fubftituted in it’s room the word 
oxyd. 

: Vital air is faid to form almoft a third part of 
the mafs of our atmofphere, and is confequently 
one of the moft plentiful fubftances innature. All 
animals and vegetables live and grow in this im- 
menfe magazine of vital air, and from it is pro- 
cured the greater part of what is employed in ex- 
periments. So great is the affinity of this element 
and other fubftances, that it cannot be procured 
{ree from all combination. 

To oxygenate a fubftance, or make it combine 
with vital air, it is neceffary that the parts of the 
fubftance fhould have more affinity with vital air 
than to each other. This may, in fome degree, 
be brought about by art; for by heating them, or 
by introducing fire into their interftices, we dimi- 
nifh the cohefion of the particles. The degree of 
heat at which the oxygenation takes place, is 
different in different bodies. Many bodies 
combine with vital air by being expofed ta the 
air of the atmofphere, in a convenient degree of 
temperature. With refpect to lead, mercury, and 
tin, this need be but little higher than the medium 
temperature of the earth; but iron and copper, 
when the operation is not affifted by moifture, re- 
quire a much greater degree of heat. 

Oxygenation fometimnes takes place with great 
rapidity, and is accompanied with great fenfible 
heat, light, and flame; fuchis the combuftion of 
phofphorus_in atmofpheric air, and of iron in 
vital air. ‘That of fulphur is lefs rapid, while that 
of lead, tin, and moft of the metals, is affected very 
flowly; and confequently the difengagement of fire, _ 
and more efpecially of light, is hardly fenfible. © 

The affinity of fome fubftances with vital air, 
is fo ftrong, and they combine with it at fuch low 

Gge4 degrees 
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degrees of temperature, that we cannot procure 
them in their unoxygenated ftate ; fuch is the mu- 
riatic acid. There are other means of combining, 
fimple fubftances with vital air ; for a knowledge 
of which, I mutt, however, refer to the writings 
of Lavoifier, Morveau, &c. 

Vital air is peculiarly neceffary for refpiration ; 
animals live a much longer time in it, than they 
would in the fame quantity of atmofpheric air. 

Count Morozzo placed fucceffively feveral full 
grown fparrows under a glafs receiver inverted over 
water. It was filled with atmofpherical air, and 
afterwards with vital air. He found, 

ift. That in atmofpherical air Hours. Min. 
The firft fparrow lived 3 ° 
The fecond, _ ° 3 
The third, _— ° if 

The water rofe in the veffels eight lines du ring 
the life of the firft, four during the life of the 
fecond, and the third produced no abforption. 


2. In vital air, Hours. Min, 
: The firft {parrow lived, 5 23 
The fecond, — 2 10 
The third, — I 30 
The fourth, _— I 10 
The fifth, _— ° 30 
The fixth, —_ ° 47 
The feventh, —_ fo) 27 
‘The eighth, _ ° 30 
The ninth, —_ ° 22 
The tenth, fe} 21 


From thefe experiments we may conclude, 

1. That an animal lives longer invital than in atmo- 
fpherical air. 2. That one animal can live in air, 
in which another has died. 3. That, independent 
of air, fome refpect muft be had to the conftitu- 
tion of the animal: the fixth lived 47 minutes, the 
fifth 
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fifth only thirty... 4. That there is either an ab- 
forption of air, or the production of a new kind of . 
air which is abforbed by the water as it rifes. © 

Vital air is therefore the fuid proper to fup- 
port the life of animals. A great quantity of fire 
is neceffary to fupport life. Vital air combines 
readily with the mephitis in the blood and lungs ; 
and thus a part of it’s fire is fet at liberty, which. 
goes to the fupport of life. The other part com=. 
bines with the mephitis, and forms what is called 
azotic gas, or phlogifticated air. It is the affinity 
between the mephitic and vital air, which conftis- 
tutes the fitnefs of vital air for refpiration; the 
bafes of no other .elaftic fluid poflefs the fame. 
property. Vital air anfwers two purpofes, which 
are both equally neceffary for our prefervation. 
It takes from the blood it’s fuperabundant me- 
phitis, which would be prejudicial, and gives out 
fire to fupport the continual wafte thereof, to which 
our frame is liable. 

It has long been known, that animals cannot 
live without the affiftance ofair. Though the phe- 
nomena of refpiration have been very imperfectly 
known until lately, the ancients are thofe who had 
the more accurate ideas concerning it. They ad- 
mitted in the air a principle proper to nourifh and 
fupport life, which they denoted by the name of 
+ pabulum vite. 

They alfo knew that there was a ftriking re~ 
lation between the flame of a candle and the prin- 
ciple of life in an animal body. Phyficians have. 
alfo argued for what fome of them have termed a 
biolychnus (candle of life) in the blood. Bartho-, 
line fays, that animal fire is kept up in the heart 
by a reciprocal ventilation from the lungs, as 4% 
common flame is excited by the air from a pair of | 
bellows ; and that when this ventilation from the- 
tungs ceafes, life gocs out as naturally as fire with- 

out 
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out air, The ancients were alfo ofan opinion, 
that part of the air drawn in by the lungs actually 
spaffes into the arteries ; and the arterics are fup- 
pofed to take their name from the air or fpirit 
which they contain, together with the arterial 
blood. 

The vapour emitted by expiration from the 
Jungs is 2 mixture of phlogifticated air, fixed air, 
and vital air. If the vapour iffing from the lungs 
be made to pafs through lime-water, it renders it 
turbid ; if ic be received through tin@ure of turn- 
fole, it reddens it; and if an alkali be fubftituted 
te the turnfole, it becomes cftervefcent. 

When the foregoing procefs has abforbed all 
the fixed air, the remainder confifts of phlogifti- 
cated air and vital air. The prefence of vi- 
tal air is manifefted by means of nitrous air. 
The air, in which Mr. Chaptal had caufed five 
Sparrows to perifh, afforded 1700 parts of vital air. 
The expired air being thus deprived of all it’s vital 
and fixed air, the remainder was phlogifticated 
air. Animals feeding upon herbs and grain, are faid 
to vitiate the air lefs than carnivorous animals. 

A portion of air is abforbed in refpiration. 
Dr. Jurin fays, thata man infpires 40 cubic inches 
of air by hisufual exhalations; that in the greateft 
he could receive 220 inches; but that a portion 
was always abforbed. Dr. Hales confidered the 
abforption as taking up 136th part of the refpired 
air. Now as a man refpires 20 times in a mi- 
nute, and inhales go cubic inches of air at each in- 
fpiration, this makes 48,000 in an hour ; which 
divided by 136, gives 353 inches of air abforbed 
and deftroyed in an hour. From more accurate 
‘experiments, M. de la Metherie concludes, that 
360 cubic inches of vital air are abforbed in an 
hour, Thefe facts thew how eafily air, when it is 

not 
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not renewed, is vitiated by refpiration, and wh 
the air of theatres and clofe crouded places is fo 
unwholefome. 

A variety of facts prove that the vermilion 
colour affumed by the blood in the lungs arifes from 
the vital air which combines with it, and is the 
firft effect of the contact, abforption, and combi+ 
nation of vital air with the blood. If blackify: 
venous blood be expofed ina pure atmofphere, the 
furface becomes a vermilion colour; a fact daily 
obferved when blood is expofed in a porringer to: 
the air. Air which has remained in contact with 
blood, extinguifhes candles, and precipitates limes 
water ; air injected into a determinate portion of & 
vein, between two ligatures, renders the blood @f'. 
a high colour. The blood which returns from the 
lungs, is of a higher colour. Hence arifes the great 
intenfity of the colour of arterial blood compared’ 
with venous blood. : 

Mr. Thouvenel is {aid to have fhewn that by. 
withdrawing the air which is in contact with the 
blood, it may again be made to lofe it’s colour. 
Blood, expofed ina vacuum, remained black, but 
it affumed a beautiful vermilion colour as foon as it 
was expofed to air. Thefe, with various other facts, 
thew, that the vermilion colour of blood arife¢ 
from air. 

The fecond effect of refpiration is to eftablith 
a focus of heat in the lungs; a circumftance en- 
tirely oppofed to the opinion of thofe who con-~ 
fidered the lungs merely as a kind of bellows, 
defigned only to cool the human body. 3 

The heat in each clafs of individual animals 
is proportioned to the magnitude of their lungs. 
Animals with cold blood have only one auricle am! 
ventricle, : : 

All perfons who have refpired vital air, agree 
that it communicates a gentle vivifying heat to the 

lungs, 
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hungs, which infenfibly extends from the breaft to 
all other parts of the body. ‘ 

The feregoing, and many other facts,’ unite 
in proving that a-tocus of heat really exifts in the 
dangs, which is maintained aad kept up by the air 
of refpiration, 

In tact, there is an abforption of vital air in 
refpiration. Refpiration is an operation, by means 
of which vital air pafics continually from an aerial 
toa concrete ftate, and confequently is continually 
quitting the fire by which it was fupported in a 
ftate of gas. 

The heat produced at every infpiration feems 

., therefore to depend on the volume of the lungs, 
“heir activity, the purity of the air, the rapidity, 
&c, of the infpirations. 
- More heat is confequently produced in win- 
ter, becaufe the air is more condenfed, and fur- 
nifhes more vital air under the fame bulk, and 
eonfequently more heat to the inhabitants of colder 
climates. Thus does a benevolent Providence con- 
tinually temperate and ballance the cold of thefe 
_¢limates. 

M. Chaptal fays, that the lungs of afthmatic 
perfons are lefs capable of digefting this air, and 
that they emit air without vitiating it; from which 
caufe their complexion is cold, and their lungs 
continually languifhing: hence they find vital air 
peculiarly comfortable. 

From what has been faid you muft have per- 
ceived, that the phenomena of re/piration arefimilar 
to. thofe of combuftion. This has been eftablithed 
by Dr. Crawford, who has clearly fhewn, that 
anintal beat is one of the principal advantages de- 
rived from refpiration ; that when the blood returns 
from ai] parts of the body to the lungs, it has loft a 
quantity of it’s fire, and imbibed fome noxious 
quality ; that in the lungs it meets with atmofphe- 

“ric a that it abforbs fire from the vital air con- 
tained 
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tained therein, and imparts to the air, which re- 
mains, it’s impurity; that the blood having thus 
robbed the air contained in the lungs of a portion of 
it’s fire, and rendered that which remained fenfibly 
warm, the air is expelled, and frefh air taken in to 
undergo the fame procefs. 

The quantity of air changed by a man, ina 
minute, is found to be equal to that which is altered 
by a candle in the fame fpace of time; and hence 
aman is continually deriving as much heat from 
the air as is produced by the burning of a candle. 

Vital air has been ufed with fuccefs in difor- 
ders of ‘the human frame. Meflrs. Caillens and 
Chaptal {peak of it’s having been refpired in phthi- | 
fical diforders with great fuceefs. He is far, how= 
ever, from confidering it as a {pecific, and is 
doubtful as to it’s application; yet as it infpires 
cheerfulnefs, and renders the patient happy, he 
conceives it to be an admirable remedy in defperate 
cafes, as it will {pread flowers as it were on the 
borders of the grave, and pienee usin the gentleft - 
manner for the laft dreadful ¢ifort of natural life: 


—S 


Or 
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Or Puiocisticatep Arr, Azotic Gas, or 
ArmospHertcaL Mepuitis. 


This air is fuppofed to be from the mephitic 
part of the atmofphere, or that part which is not 
fit for refpiration. Dr. Prieftley fuppofed it to be 
air altered by the phlogifton difengaged from bo- 
dies in combuftion, or other phlogiftic proceffes. 
It is, however, now thought to exift ready formed 
in the atmofphere, and to be the refiduum thereof 
when this is deprived of it’s vital air. Mr. Lavoi- 
fier calls it azotic gas, from it’s known property of 
‘killing fuch animals as are forced to breathe in it. 
The word is derived from the Greek privitive 
particle e, and fay, life. 

This clement is always in a ftate of gas in the 
ordinary preffure and temperature of a atmo- 
{phere, and no degree of cold or compreffion has 
hitherto been capable of reducing it either to a 
folid or liquid form. : 

It is the refidue of combuftion, of the refpira- 
tion of animals, and of putrifaction, becaufe in all 
thefe cafes vital air is abforbed. In refpiration, a 
portion of the fire from vital air goes to the fupport 
of life, while the remainder combining with a part 
of the blood becomes fixed air, which is expired 
together with the phlogifticated air. 

This gas may be procured pure by feveral 
methods; that of Scheele is the one moft generally 
ufed: it confifts in expofing liver of fulphur ina 
liquid ftate to a given quantity.of atmofpheric air 
under a glafs receiver; the fulphur abforbs by de- 
grees the vical air, and when the abforption is 
complete the phlogifticated air remains pure. 
M. Berthollet obtained it from mufcular flefh, or 
from the fibrous part of the globules of blood, by 
well wafhing ic with nitrous acidin the pneumatic 

apparatus ; 
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apparatus ; for the bafe of this gas enters into the 
compofition of flefh, and ferves to animalize it. 
The animal fubftances made ufe of muft be freth, 
for if they are altered by putrifaction, they furnith 
fixed air mixed with the phlogifticated gas. When 
by any other means, as the calcination of metals, 
the rancidity of oils, combuftion, the vital air of 
the atmofphere is abforbed, the refidue is this gas. 
M. Fourcroy has difcovered, that the bladders of 
carp are full of it, and that it may be eafily col- 
lected by breaking them underneath veffels filled 
with water, 

It is lighter than atmofpheric air. When the 
barometer ftands at 30.46, and the thermometer at - 
60, the weight of the phlogitticated air is to that 
of common air as 985 to 1000. You may eafily 
fatisfy yourfelves that it is lighter than commonair: 
for this purpofe put three or four lighted tapers, 
of different heights, under this receiver full of 
common air, in which the air cannot be renewed, 
and you will obferve thar in proportion as the 
vital air is decompofed, they go out, the higheft 
firft; a fufficient proof that this gas forms the 
lightett part of the air. - 

Phlogifticated air, when it is pure, has neither 
tafte nor fmell. 

It is not folvible in water, or only ina very 
{mall degree. 

I have divided a long glafs tube into equal 
meafures, which is diftinguifhed by marks made 
with a diamond. I fhall now put two meafures of 
phlogifticated gas into this tube, and then agitate 
it ftrongly in water; and you fee that after the 
agitation the volume of air is not fenfibly dimi- 
nifhed. 

This gas does not exhibit any fign of acidity; 
it does not redden the blue colour of vegetables. 
Here is a tube full. of mere phlogifticated air ;.I 

I intro- 
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introduce therein a fmall quantity of the tincture 
of turnfole, diluted in water, and you find that 
the colour remains the fame, and is not changed 
by the gas. , 

Phlogifticated air docs not precipitate lime 
from lime-water. I puta fmall quantity of lime- 
water into a tube filled with the gas, and you fee 
that it remains clear and limpid, and that no pre- 
cipitation takes place. 

It is improper for refpiration and combuftion; 
an animal is foon fuffocated therein, and a candle 
or taper immediately extinguifhed. 

Plants live and vegetate in this air, and render 
it refpireable; the vegetables decompofing the 
water, feparate the vital air from it, which mix- 
ing with this gas, forms atmofpheric air; in fact, 
72 parts of this gas mixed with 28 of vital air, forms 
air fimilar to that of the atmofphere. 

This gas mixes with other airs without com- 
bining with them; it is abforbed by nitrous acid, 
which renders it fuming. Mr. Cavendifh has 
fhewn, that 3 parts of azotic gas mixed with 7 of 
vital air, and then expofed to the paffage of the 
elaftic fpark, is gradually condenfed, and produces 
the ritrous acid. 

Almoft every air or gas is convertible into 
phlogifticated air. Vital air abforbed by charcoal 
which has béen made red-hot, and expelled from 
thence by plunging the charcoal in water, is chan- 
ged into phlogifticated air. A mixture of one 
meafure of vital air and two meafures of inflam- 
mable air, kept ftlanding for fome time together, 
was found to contain a quantity of phlogifticated 
air. Nitrous is changed into phlogifticated air by 
‘feveral methods, among others, by expofure to the 
electric {park, by abforption by charcoal, and ex~ 
pulfion from thence. 

M. Berthollet has difcevered, that itis a com~ 

bination 
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bination of this air with inflammable air that forms 
the ammoniac obtained from animal fubftances, 
by the action of fire, and by putrifaction ; and that 
plants, which give the fame falt by diftillation, fur- 
nith it in confequence of their containing this gas, 
and therefore well deferve the name of animal 
plants, which has been given tothem by forte che+ 
mifts. M. Fourcroy has found, 1. That of animal 
matters, the fibrous parts afford moft of this gas 
by nitrous acid: when the nitrous acid aéts upon 
the fieth, or other parts of animal fubftances, the 
elaftic fluid, which is firft and moft plentifully 
difengaged, is phlogifticated air. 2. That after 
putrifaction they contain no more phlogifticated 
air, but are rendered capable of affording a con- 
fiderable quantity of ammoniac. 


Or ArMmospueric AIR, AND I1’s Division {nto 
two Exastic Frurps; ONE FIT For Respt- 
RATION, THE OTHER INCAPABLE OF BEING 
RESPIRED. 


From the preceding Lectures it appears, that 
our atmofphere is compofed of a mixture of every 
fubftance capable of retaining the gafeous or aeri- 
form ftate in the common temperature, and under 
the ufual preffure ; that thefe fluids conftitute a 
mafs in fome meafure homogeneous, extending from 
the furface of the earth to the greateft height 
hitherto attained, and whofe denfity continually 
increafes in the inverfe ratio of the fuperincumbent 
weight: but it is poffible that this fit ftratum 
may be furmounted by feveral others confifting of 
different fluids, 

Modern chemifts have endeavoured to deter- 
mine by experiments the elaftic fluids which com- 
pofe the lower ftratum we inhabit... There are two 
methods of determining the conftituent parts of 

Vou. 1. Hh bodies, 
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bodies, the method of analyfs, and that of /yuthefiss 
When, for inftance, by combining water with 
alcohol you form what is called brandy, or fpirit 
of wine, you have cersainly aright to conclude, that 
brandy or fpirit of wine is compofed of alcohol 
combined with water. The fame refult may be 
produced by the analytical method. 

Mr. Lavoifier has treated atmofpherical air in 
this manner, and ‘endeavoured to afcertain it’s 
nature by decompofing it, and forming it anew; 
I fhall therefore here recount fome of his inte+ 
sefting experiments. He took a retort contain~ 
ing about 36 inches; the neck was fo bent as ta 
allow it’s being placed on a furnace while the neck 
was inferted under the glafs receiver which was 
placed in a trough of quickfilver. Four ounces of 
mercury were put into the retort, and the air was 
extracted from the receiver by means of a fyphon, 
fo as to raife the mercury therein to a certain 
height, which height was carefully marked by a 
flip of paper. The height of the barometer and 
thermometer being noted, a fire was lighted in the 
furnace, and kept up continually for 12 days, fo as 
to keep the quickfilver always almoft at the boil 
ing point. 

Nothing remarkable appeared during the firft 
day: the mercury, though not boiling, was conti- 
nually evaporating, and covered the interior furface. 
of the veffel with fmall drops, at firft very minute, 
which gradually augmenting to a fufficient fize, 
fell back into the mafs at the bottom of the veffel. 

On the fecond day, fmall red particles began 
to appear on the furface of the mercury, which, 
during the four or five following days gradually in- 
creafed in fize and number, after which they ceafed 
to increafe in every refpect. Atthe end of 12 days,, 
as the calcination of the mercury did not bauer 
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the fire was extinguifhed, and the veffels fuffered 
to cool. ; 

The volume of air, in the body and neck of 
the retort, and inthe receiver, reduced to 4 me= 
dium of 78 inches of the barometer, and 54° of 
the thermometer, at the commencement of the’ 
experiment, was 50 cubical inches; but at thé 
end of the experiment, the remaining air reduced 
to the fame medium of preffure and temperature, 
was only between 42 and 43 cubic inches; confe- 
quently it had loft about five-fixths of it’s volume. 
The red particles were afterwards collected, and 
found to amount to 45 grains. 

The air which remained after the calcination’ 
of the mercury in this experiment, and whicl¥ was 
reduced to five-fixths of it’s former bulk, was no 
longer fit either for refpiration or combuftion; ani- 
mals introduced into it were fuffocated in a few fe- 
conds ; and when a taper was plunged therein, it was 
extinguifhed, as if it had been immerged in water. 

Mr. Lavoifier then took the 45 grains of red 
matter formed during the experiment, arid put 
them into a glafs retort, with a proper apparatus 
for receiving fuch liquid or aerial fluid as might’ 
be extracted. Having applied fire to the retort in’ 
a furnace, he obferved that in proportion as the 
red matter was heated, the intenfity of it’s colour’ 
augmented. When the retort was almoft red-hot, 
the red matter began gradually to decreafe in bulk, 
and ina few minutes after it difappeared altogether ; 
at the fame time forty-one and half grains of run- 
ning mercury were: collected, and feven or eight 
cubical inches of an elaftic fluid, much more ca- , 
pable of fupporting both combuftion and refpira- 
tion than atmofpheric air. A taper burned in it 
with a dazzling {plendor; charcoal, inftead of con- 
Sinner Aiiseelie. Be ak Ariba AA be aes DE as 
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and threw out fuch a brilliant light, that the eye 
could hardly indure it. 

If you reflect upon this experiment, you readily 
perceive, that the mercury, during it’s calcination, 
abforbs the pure and refpirable part of the air; 
that the remaining part is a fpecies of mephitis, 
incapable of fupporting combuttion or refpiration ; 
and confequently that atmofpberic air is compofed 
of two elaflic finids, of different and oppofite quali- 
ties. Asa proof of this, if thefe two claftic fluids 
are re«combined, that is, the 42 cubical inches of 
mephitis, or phlogifticated air, with the 8 cubical 
inches of vital air, you reproduce an air apparently 
fimilar to that of the atmofphere, and poffeffing 
nearly the fame power of fupporting combuftion 
and refpiration. 

_ As during the calcination of mercury air is 
decompofed, and the bafe of the refpirable part 
fixed and combined with the mercury, it follows 
from what has been already eftablifhed in our Lec- 
tures, that fire and light muft be difengaged dur- 
ing the procefs ; but itis not fenfible in this expe- 
riment for the following reafons: As the calcina- 
tion lafts feveral days, the fire and light that is dif- 
engaged in fo confiderable a {pace of time, becomes 
extremely fmall for each particular moment of that 
timt, fo as not to be perceptible, and further is 
alfo- confounded with that proceeding from the 
furnace. : 

It is, however, eafy to render this difengage- 
_ ment of fire and light evident to the fenfes, by 
caufing the decompofition of the air to take place 
ina more rapid manner. For this purpofe iron is 
well adapted, and we fhall therefore relate to 
you Dr. Ingenhoufz’s curious experiment, which 
we exhibited to you in one of our laft Lec- 
tures, You remember that the inftant rhe tinder 
came in contact with the vital air, the iron 

too 
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took fire, and burnt rapidly, throwing out brilliant 
fparks. When every thing has been properly ar- 
ranged arid conduéted, according to Mr. Lavoifier’s 
method, the whole wire is confumed even to the 
laft particle ; the globules of iron will be found in . 
that ftate called martial etbiops. If the experi- 
ment be well made from 100 grains of iron, you 
will obtain 135 or 136 grains of ethiops, which isan 
augmentation of 35 per cent. Thefe experiments’ 
will be fufficient to give you fome idea of the nature 
of atmofpheric air; you will find many more to 
the fame purpofe in the later chemical writers; 
fhewing clearly, that the mixture of about 72 parts 
of phlogifticated air, and 28 of vital air, form a fluid 
fimilar to the mafs. in which we live. Thefe two 
principles are fo well mixed therein, each of them 
fo neceffary to the fupport of the various functions 
of individuals which live and vegetate upon the 
globe, that they have not yet been found feparate 
andalone. The proportion of thefe gafes is fubject 
to variations, which depend on local caufes ‘that 
cannot poffibly be afcertained. : 
The characteriftic properties of vital air are 
modified by thofe of phlogifticated' air; and thefe 
modifications feem to be neceffary, for if we were 
to refpire vital air in it’s purity, it would uickly 
confume our life. Though it may be ufetul asa 
medicine, the candle of life would burn out too 
faft, and the animal powers be too foon exhaufted 
in the pure air. . ; 
Mr. Lavoifier, from the foregoing experi- 
ments, confiders atmofpherical air as a mere 
mixture of vital and phlogifticated airs. For this 
he has no other reafon than that by applying fub- 
ftances to it which have an affinity to ‘vital air, the 
portion of this fluid that is in the atmofpherical 
air is abforbed, while the refiduum is only phlogif- 
ticated air. digo: 
Hh3 * But 
ae 
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.. Byt this fact may only fhew, that atmo. 
fpherical air can be decompounded, and that it may 
be confideted ag a chemical compound, confifting 
of a given proportion of yital and phlogifticated 
airs. Thene are indeed many reafans to induce us 
to prefer this confideration, that aimafpherical air. 
is an homogeneous fluid, or in other words, an uni- 
form chemical compound, to that of it’s being a 
mere mixture of two diftinét Auids.* 

Thus we find vital air and phlogifton are ca- 
pable of combining ina variety af proportions, 
and confequently of affuming different forms : there 
is therefore no improbability in fuppofing atmo- 
fpherical air, as it confifts of the fame elements, to 
pe alfo an uniform compound. 

Further, atmofpherica] air is found by eu- 
Giometrical experiments to be very uniform in 
the propartion of it’s conftituent parts of pure 
and phlogifticated airs. If it were a mere mix- 
ture, one fhould expect to find a. great diverfity 
therein ; byt. being a compqund of a given propor- 
tion in it’s conftituent parts, which proportion is 
undoubtedly the beft poffible for it’s purpofes of 
maintaining animal and vegetable fubftances, and 
other important ufes to which it is deftined ; it is 
kept very nearly of ane uniform compofition, or 
degree of purity, as it is called. ‘ ' 

; If the atmofpherical fluid confifted of a mere 
mixture of thefe two airs floating together in the 
fame fpace as they are of’ different ipecifie grae 
vities, they would feparate; the pure aly remaining 
near the furface of ‘the earth, and the. phlogifti- 
cated air afcending, ‘But from the comparative ob 
fervations which have been made of the purity. of 
the air in valleys and at the tops of lofty mountains, 
there is reafon to believe, that no fueh feparation 
takes place. Bhat PR ce 

Of 
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Or Nirrovus Arr. 


Nitrous air was firft difcovered by Dr. Hales, 
who produced it from the Walton pyrites, by 
means of the fpirit of nitre : he alfo obferved, that 
when joined to common air, an effervefcence en- 
-fued, witha turbid red colour of the mixture, and 
an abforption of part of the common air. Dr. 
Prieftley extending the experiment to other mee 
tallic fubftances obferved, that the fame kind of 
air was by the fame acid readily procured from 
iron, copper, brafs, tin, filver, quickfilver, bit. 
muth, ahd nickil; and that though it conftantly, 
when joined to common air, exhibited thofe ap- 
pearances mentioned by Dr. Hales, and more 
confpicuoufly in pepe to the purity of the 
common air mixed with if (that is, it’s fitnefs for 
refpiration) ; yet it made no change with either 
fixed or inflammable air, or that air tainted by the 
breath of animals, or the corruption of their bo- 
dies. By means of this teft he was enabled to 
judge of the kind, as well as of the degree of in- 
jury done to common air by candles burning in 
‘if; and to perceive a real difference in the air of 
his ftudy, she: a few Perians had been with him 
there. Nay, a phial of air having been fent him 
from the neighbourhood of a large town, it ap~ 
peared upon a comparative trial to be inferior in 
quality to that taken up near Leeds. It was upon 
fuch a profpeé& of obtaining a criterion for diftin. 
guifhing good air from bad, that Lord Bacon almoft 
ina rapture breaks out: ‘ There are noble expe+ 
riments that can make this difcovery, for they 
ferve for a natural divination of feafons.”—**« They 
teach men to choofe their dwellings for their better 
health,” Later experiments have fhewn, that this 
teft is not fa advantageous as was at firft fup- 


pofed, ; 
Hh¢ Nitrous 


472 , Lecturss on Natura PuiLosopuy. 


Nitrous air is one of the conftituent parts of 
the nitrous acid, or it is rather the fame deprived 
ina’ great degree of it’s acid. It is compofed, 
therefore, of the ‘fame parts as. the nitrous acid, 
that is, of mephitis, or phlogifticated air, holding 
a fmall quantity of vital air, and combined with 
fire. In this ftate it is not foluble in water; but if 
4t be furnifhed with vital air, it becomes acid, and 
very foluble in water. 

You may eafily be convinced, bothanalytical- 
ly and fynthetically, that the bafc of phlogifticated 
air is the nitrous acid, holding vital air, but not 
faturated withit, for in that cafe it would become 
the nitrous acid. 

1. By analyfis, you may decompofe the nitrous 
acid, and reduce it to the ftate of nitrous air, by 
making it act on any metal, as copper, which takes 
away the greater part of it’s vital air. Expofing 
this air afterwards to liver of fulphur, -it is de- 
prived of the remainder of the vital air, and 
nothing remains but phlogifticated air. 2. By 
fynthefis, Mr. Cavendith introduced into a tube 
of glafs 7 parts of vital air, obtained without the 
ufe of nitrous acid, and 3 parts of phlogifticated 
air, or eftimating them by weight, 10 parts of 
phlogifticated to 26 of vital air: and having 

‘caufed the electric fpark to pafs through this air, 
perceived that it’s bulk was confiderably dimi- 
nifhed, and fucceedcd in converting them into the 
nitrous acid. 

From this experiment it may be prefumed, 
that the nitrous acid is a combination of 7 parts 
of vital, and 3 of phlogifticated air; that thefe 
proportions conftitute the common nitrous acid. 
When it is deprived of a portion of it’s vital 
air, it paffes tothe ftate of nitrous air; fo that, as 
we faid before, nitrous air is a combination of 
phlogifticated air, with a fimall quantity of vital 

air. 
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air. Nitrous acid may alfo be produced by expo- 
fing vital air, for a long time, to the exhalations of - 
putrifying animal fubftances, together with a cal- ° 
careous earth, or any other proper bafe to receive 
and combine therewith. 

The nitrous acid may alfo be inftantly pro. 
duced by mixing nitrous with viral air. 

The exiftence of nitrous acid in the atmo- 
{phere has long been a very popular opinion ; it 
however refted upon no decifive fact, till Mr. 
Cavendith, by an important experiment, feems to 
have placed it among eftablifhed truths. He has 
thewn, that by paffing the electric fpark through 
common air included ina glafs tube, the air was 
diminithed in quantity, and nitrous acid was pros" ~ 
duced. 

Common air being fuppofed to be a mixture 
of vital and phlogifticated airs, he repeated the 
experiment on a mixture of thefe fluids as above 
related, and found that when mixed in due pro- 
portion, they were wholly convertible into the 
nitrous acid, or nitrous acid and water. : 

Now as the nitrous acid may be obtained 
either from a mixture of common and ‘nitrous air, 
or of common and phlogifticated air, it feems evi- 
dent, that nitrous and phlogifticated airs muft 
contain the fame elements, but that one of them is 
modified by vital air. 

Nitrous air may be difengaged from the acid, 
by making this act on combuftible matters, which - 
combine more or lefs with it’s vital air, whilft the 
phlogifton thereof holds a {mall quantity of vital 
air, which together with fire forms nitrous air; 
confequently it’ may be extracted from the nitrous 
acid, by means of iron, copper, brafs, tin, filver, 
mercury, bifmuth, and nickel ; and even from aqua 
regia, by gold and antimony. The acid mutt be 

cautioufly 
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cautioufly applied to iron, on account of the ftrong 
emiflion of the fumes. 

Jt may be obtained from the nitrous acid by 
fpirit of wine, ether, oils, refinous fubftances, 
gums, fugar, &c. The properties thereof are the 
jam¢e, from whatfoever fubftance it be extracted. 

It is obtained in largeft quantities from metals. 
There are fome, however, from which nothing can 
he obtained but phlogifticated air, becaufe they 
deprive the acid of all it’s vital air. 

‘I put fome thin pieces of copper into this 
hettie, which I fii/ with nitrous acid that I have 

oprevioufly diluted with water; I then put in a 
ground ftopple and bent tube into the neck of the 
bottle, and introduce the tube under one of the 
jars (that are filled with water) of my pneumatic 
@pparatus: a ferméntation you fee takes place in 
the bottle, the metal is diffolved, and the nitrous 
air rifes through the water, and fettles at the upper 
part of the inverted jar. 

Nitrous is very little, if any thing, heavier 
than atmofpheric air. Pure nitrous air is not at 
all mifcible with water, as you may eafily expe- 
rience by agitating them together in a glafs tube 
under water. It is not acid; does not change 
the blue colour of vegetables, fuch as the tinc- 
ture of turnfole; as you will fee by my paffing a 
little of the tincture in this tube with nitrous air, 
thie colour is not changed. : 

It daes not maintain combuftion. I plunge 
this lighted taper into it, you fee how foon it ig 
extinguifhed ; before the flame went out it became 
of a green colour. It is unfit for refpiration, and 
fpeedily kills both animals and plants. _It poffeffes 
the remarkable property of uniting with vital air, 
with which ‘it forms nitrous acid; when mixed 
therewith, it forms a red cloud, which is imbibed 


Narturs and Properties or Exastic FLurps. 475 


Here is a long glafs tube, divided into equal 
meafures ; T fhall firft put two meafures of atmo- 
{pheric air therein, and one of nitrous air; you 
obferve that it fumes immediately, and hecomes 
hot; and as the combination which now takes 
place forms nitrous acid, . which is very folvible in 
water, you will fee the water rife in proportion as 
it abforbs the acid; fo that of three meafures 
which were in the tube at firft, only one and a half 
will remain; if the air was good, the refiduum is 
azoti¢ air. The heat produced in this experiment 
arifes from the fire which is fet at liberty. If in.~ 
ftead of atmofpheric air you put into the tube two 
meafures of vital air, and two of nitrous, the whole 
‘will be nearly abforbed by the water. Dr. Prieft- 
ley found _by various experiments, that when. ni- 
trous air is mixed with any other elaftic fluid, they 
undergo no change, if the lateer be unfit to fapport 

combuttion or animal life; butif the contrary, the 
red cloud is farmed, and the whole bulk of the 
mixture is diminifhed, accordingly as the air is 
morc or lefs pure. 

This property of nitrous air to abforb the refpi~ 
rative part of air, and form the nitrous acid, ena- 
bles us to ufe it as a ¢ef to difcover the falubrity or 
portion of vital air in the compofition of the atmo- 
{phere : upon this principle Eudiometers are con~ 
flructed. This inftrument, however, is as yet 
imperfect ; it will indeed fhew toa certain degree 
of accuracy the proportion of vital air, and the 
falubrity of the atmofphere? ‘as far as it may depend 
on a certain portion of this air; but gives no in- 
formation relative to the other noxious airs, &c. 
which, when mixed in the atmofphere, alter and - 
render it unwholefome. © Befides which, it is very 

difficult to obtain nitrous air of the fame degree of 
purity s and there are alterations in the appearances 
: or 
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or effect that may arife from a difference of tem- 
perature. 

Nitrous air may be decompofed by expofing 
it to liver of fulphur; the vital air unites with the 
fulphur, and forms vitriolic acid, and leaves the 
azotic air behind in a ftate of purity. It may alfo 
be decompofed by pyrophorus, which burns there- 

_in and abforbs the vital air. 

Mr. Van Marui has fhewn, that this gas may 
be decompofed by the electric fpark, that 3 cubic 
inches thereof were thereby reduced to one inch and 
3 quarters, and that the refidue no longer poffeffes 
any properties of nitrous air. The vitriolic acid 
abforbs nitrous air, and affumes a purple colour; 
marine acid imbibes it, and becomes blue: it is 
alfo abforbed by ether, alkaline liquors, and fpi- 
rit of wine. / 

If nitrous acid be expofed to nitrous air, the 
Jatter is abforbed in large quantities, and the co- 
lour of the acid changes, firft at the furface, and 
gradually through the whole liquid; the fucceffion 
of colours are firft yellow, then deep orange, next 
green, and laftly blue: by this abforption the acid 
is rendered much more volatile. : 
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Or Fixep Arr. 


Thig acid is generally found in an aeriform 
ftate: of the various elaftic fluids it is that which 
has been longeft known; from it’s apparent acid 
qualities it has been named aerial.acid, and carbo- 
hic acid; from it’s noxious qualities it is often 
termed mephitic air. Van Helmont called it gas 
Jylvefiris, becaufe it was produced in vaft quanti- 
ties during the combuftion of charcoal. ‘The term 
jixed air was given thereto, becaufe it fo.rapidly 
loft it’s elafticity, and fixed itfelf in many fub- 
ftances, particularly thofe of the calcareous kind: 
it’s nature is, however, far from being afcertained. 
Many chemifts confider it as fimple, or at leaft as 
having never yet been decompofed. It is about 
twice as heavy as common air; hence it occupies 
the lower parts of thofe cellars, mines, caves, &c. 

. that contain materials proper for it’s formation. 

The French chemifts confider fixed air asa 
combination of carbonne, (matter or principle of 
charcoal,) and vital air. They think this to be 
evident for the following reafons: Firft, that the 
calces of mercury are reducible without addition 
when diftilled, and afford only vital air; but ifa 
fmall quantity of charcoal be mixed with the calx, 
the product which comes over is only fixed air, 
and the weight of the charcoal is diminifhed. 
Secondly, that if well made charcoal be ignited, 
and plunged into a vetlel of vital air, and the 
yeflvi be inftantly clofed, the charcoal burns ra- 
pidly, and at laft goes out; the product is fixed 
air, and a fmall quantity of vital air, which may: 
be changed into fixed air by the fame operation. 
The brench chemifts, confidering nothing. to be 

prefent 
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prefent but charcoal and vital air, conclude that 
fixed air is a combination of thefe two principles 
held together by fire! 

This gas, or air, is often to be found occu- 
pying the lower parts of mines, caverns, tombs, 
neceffaries,. and fuch other fubterraneous places as- 
contain materials for producing it. It is called 
choke-damp by the miners. The grotto del cano, 
near Naples, has long been famous for a mephitic 
vapour, which floats within a foot of the furface. 
It is a cave in the fide of amountain, near the lake 
Agnano, into which if you thruft a dog, or any 
other animal that holds down it’s head, it is imme- 
diately killed by inhaling the noxious vapour. It 
exifts. in a ftate of fimple mixture in mineral 
waters; in thefe it poffeffes all. it’s acid qua- 
lities, 

It is emitted in large quantities from bodies ina 
ftate of vinous fermentation, fueh as wine, beer, &c. 
On account of it’s great weight, fixed air occupies 
the {pace or upper part of the veffels where the fer- 
menting proceis is going on. A variety of entertain- 
ing experiments may be made in this {tratum of elaftic 
fluid.* Lighted paper, or a candle dipped into it, 
is immediately extinguifhed, and the fmoke re- 
maining in the fixed air renders it’s furface vifible, 
which by agitation may be thrown into waves, and 
has a very pleafing effect. If a dith of water be 
immerfed in this air, and brifkly agitated, it foon 
becomes impregnated, and obtains the lively tafte 
of Pyrmont water. In confequence of it’s weight, 
fixedair may be dipped out ina pitcher, or bottle, 
and conveyed, if well corked, to a great diftance. 
The effects produced by pouring this invifible fluid 
from one. veffel to. another, have a very fingular ap-: 

pearance. 


© Prieftley’s Experiments and Obfcrvations on Air, vol. i, p. 44+ 
Nicholfon’s Firit Principles of Chemiftry, p, 178. 
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pearance. Ifa candle, or fmall animal, be placed 
in a deep veffel, the former is extinguifhed, and 
the lattcr expires in a fecond, after the fixed air is 
poured upon them ; though the eye is incapable af 
perceiving any thing thus poured out, and prose 
ducing thefe effects. : 
This air is alfo furnifhed-in great abundanca 
by the refpiration of animals, where the vital air, 
which has parted witha great portion of it’s fire 
for the fupport of animal life, combines with a 
carbonnous fubftance, which is difengaged from 
the blood in the lungs. You have already feen 
how unfit this fixed airis for refpiration, Hiftory 
informs us, that the two flaves, whom Tiberius 
caufed to defcend into the grotto del cano, were 
immediately ftifled. Two criminals, caufed to be 
fhut in there by Peter Toledo, fuffered the fame 
fate. The abbe Nollet, who had the courage to 
refpire the air, perceived a fuffocating fenfation, 
and a flight degree of acidity, which produced 
coughing and fheezing. The unfortunate Pilatre 
de Rozier caufed himfelf to be let down into the, 
gafcous atmofphere of a back of beer in fermen— 
tation: he had fcarce entered the mephitis before 
flight prickings obliged him to fhut his eyes, a vio- 
lent {uffocation prevented him from refpiring, he 
felt a giddinefs, accompanied by thofe noifes which 
" characterize an apoplexy: when he was drawn up, 
his fight remained dim for feveral minutes, his 
countenance was become purple, he neither heard: 
nor fpoke, but with great difficulty. “Fhefe fymp- 
toms, however, all difappeared by: degrees. : 
It is this air which produces the many un- 
happy accidents at the opening of cellars, in places: 
where wine, cyder, or beer, are fuftered to ferment. 
Birds plunged into this air fuddenly perifh. When 
the waters of Boulidou, ef Perals, are dry, fuch 
: birds. 
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birds as attempt to quench their thirft in the clefts, 
are enveloped in the fatal vapour, and die. 

Frogs, by fufpending their refpiration, live 
from forty to fixty minutes, when plunged in an 
atmofphere of fixed air. Infects are rendered tor- 
pid if they remain a long time in this air, but 
recover their vivacity as foon as they are expofed 
to the open air. 

Fixed air is combined witha great number of” 
fubftances. It forms about one third of the weight 
of lime-ftone, marble, calcareous fpar, and other 
natural {pecimens of calcareous earth, from which 
it may be extracted by hear, or by any acid ftronger 
than itfelf. Stronger acids expel more fixed air 
than thofe that are weaker. I fhall thew you how 
to extricate this air from fome marble grofsly pow- 
dered, with which I fhall fill about a fifth part of 
this bottle, (which is furnithed with a ground 
ftopple and bent tube,) and then pour on enough 
water to cover the chalk, and add this fmall 
quantity of oil of vitriol, being about a fourth or 
fifth part of the water. I now pafs the extremity 
of the tube through the water into the pneumatic 
tub, fo that it may remain under the neck of this 
receiver, which is filled with water; a fermentation 
immediately cakes place, which is accompanied 
with heat, as you will feel by applying your hand . 
‘to the outfide of the bottle; and the: elaftic fluid, 
-which is fixed air, is copioufly emitted from the 
mixture, which pafling through the bent tube, 
and the water, afcends te the top of the receiver; 
in proportion as it fills this, the water gradually 
deicends, and is at laft quite expelled. We may 
now remove our bent tube and bottle to another 
receiver, and thus proceed till we have obtained as 
much fixed air as tt will furnifh. This air is ab- 

-forbed by water, but-the abforption is very flow 
unlcis the water is agitated, by which means you 
multiply 
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multiply the points of contact. I fhall put three 
meafures of fixed air into this graduated tube, and 
then agitate it brifkly in the water of our pnevimatié 
tub, allowing time for the abforption to take place. 
I now elevate the tube, and you fee by the rife of 
the water therein, how-much air it has abforbed. 
Water in general, under the common preffure of 
the atmofpherc, and at a low temperature, abforbs 
fomewhat more than it’s bulk of fixed air. It ab~ 
forbs more when cold than when it is heated, If 
water, impregnated with this air, be placed on 4 
britk fire, the rapid efcape of the aerial bubbles 
gives it the appearance of boiling water, when the 
heat is not greater than the hand will bear. ~ Cone 
gelation feparates this air completely from water, 
but no degree of cold or prefluge has yet exhibited 
it ina ftate of concentrated or denfe fluidity. °° | 
Water impregnated ‘with this air, acquires a 
pleafant acidulous tafte, and the properties of fimple 
‘mineral waters; it is-efteemed a powerful’ anti- 
feptic, and pofleffes’ very valuable medicinal qua~ 
lities. The natural acidulous mineral waters do 
not differ from'thefe, excepting’ in holding other 
principles in folution, and they may be perfectly 
‘amitated when their analyfis isknown. It is abfurd 
to think that art is incapable of imitating naturé 
in the compofition of mineral waters. The opera- 
tion is purely mechanical, confifting of the folution 
of certain known principles in water ; we can and 
ought therefore to perform it ftill better, as we havé 
the power of varying the dofe, and proportioning 
- the ftrength of any mineral water to the purpofes 
‘to which it is intended to be applied. ee 


To impregnate WATER WITH Frxep Arr. 
For impregnating fixed air with water, Dr.. 


Nooth’s machine is the moft effe@ual and conve+ 
~ You. © i ~~ nients 
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nient. It confifts of three glafs veffels, (fig. 5, 
pi. 6.) The lower veffel C contains the effer~ 
vefcent materials; the middle veffel B is open, 
both above and below; it’s inferior neck is fitted 
by grinding into the neck H of the lower veffel; 
inthe former is a valve; this valve opens and 
fuffers the air to pafs; but the water cannot return 
through the tubes, partly becaufe the orifice is 
capillary, and partly becaufe the flat picce covers 
the hole; the middle veffel is furnifhed with a cock 
E, to draw off it’s contents; the upper veffel A is 
fitted, by grinding, into the upper neck of the 
middle veffel ; it’s inferior part confifts of a tube, 
that pafles almoft as low as the center of the middle 
veflel; it’s upper orifice is clofed by a ground 
ftopper F, When this apparatus is to be ufed, the 
effervefcent materials are put into the lower veffel, 
the middle veffel is filled with pure water, and put 
in it’s place, and the upper veffel is nearly ftopped, 
and likewife put in it’s place ; the confequence is, 
that the fixed air, paffing through the valve at H, 
afcends into the upper part of the middle veffel B, 
where, by it’s elatticity, it re-aéts upon the water, 
and forces part up the tube into the veffel A; part 
of the common air in this laft being compreffed, 
and the reft efcaping by the ftopper, which 1s made 
of a conical figure, that it may be eafily raifed; as 
more fixed air is extricated, more water rifes, till 
at length the water in the middle veffel falls below 
the lower orifice of the tube; fixed air then paffes 
through the tube into the upper veffel, and expels 
more of the common air by raifing the ftapper ; 
in this fituatien, the water in both veffels being in 
contact with a body of fixed air, after a certain 
time becomes ftrongly impregnated with that fluid. 
This effet may be haftened by taking offthe mid- 
dle and upper veflgls together, and agitating 
shem, 

The 
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The water, thus impregnated, has acquired 
acid properties ; for it will change the blue infufion 
of turnfole red: nay, ifa weak folution thereof be 
only expofed to fixed air, it acquires a reddifh 
tint. 

This air, and the water impregnated therewith, 
precipitates lime from lime-water: to prove this 
to you, I fhall mix q little of this lime-water. with, 
fome fixed air; you fee the water affumes a milky 
appearance, and the lime is precipitated. The fame 
effect would take place if I was ta pour upon the ° 
lime-water fome water impregnated with fixed 


ir. 

om Lime combined with this air, forms chalk 
which is not foluble in water, but is precipitated 
thereby ; Jime-water is therefore a teft for to dif- 

cover this air. It was Dr. Black who firft thewe 
that the caufticity, fharpnefs, and folubility in 
water of calcareous earths, was owing to their 
being deprived of fixed air; and that when they 
were combined with a proper quantity thereof, they 
were mild; the doctor givirig them the name of 
wild when they were combined with fixed air, and 
of cauftic when deprived ofit, © 0 "7! 
Lime-water is precipitated by th¢ yapquy 
emitted by animals in refpiration. ; Aree 
Fixed air combines with alkalies, It neutray 
lizes both fixed and volatile alkalies, not only 
deftroys theiracidity, but gives them manifeftly an 
acid tafte, and enables them to form cryftals of 4 
peutral or acidulous falr, ~' ” : : 
Some writers affert, that this air refifts putri, 
faction, abforbing the putrid cffluvia emitted from 
bodies. “It is, however, improper for vegetation. 
Dr. ' Prieftley, having ‘kept the roots of feygral: 

plants in water impregnated with this acid, obferve 
Fhat they all perifhed ; and in thofg inftances wher¢ 
a Tig Blaay 
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plants vegetate in water, or in air which contains 
this gas, the quantity of gas is very finall. Mr, 
Senebier has obferved, that plants, fuffered to grow 
in water flightly acidulated with this gas, emit a 
larger quantity of vitalair. Mr. Chaptal fays, that 
the fungi which are formed in fubterrancous mincs, 
are aloft totally reloleed into fixed air; but 
if thefe vegetabics be gradually expofed to the 
action of light, the proportion of acid diminifhes, 
while that of the coaly principle augments, and 
the vegetable becomes coloured. 

By paffing the eleétric fpark through fixed 
air, confined by mercury, the volume of air is aug- 
mented about one twenty-fourth part, and of this 
three fifths will be abforbed by a folution of cauftic 
alkali, and the remainder is inflammable. Many 
attcmpts have been made to explain this fact, but 
they are too unfatisfactory for relation. 

Fixed air is heavier than common air, Ac- 
cording to Mr. Kirwan, fixed air is to common 
air as 45.69 to 68.743 according to Mr. Lavoifier, 
as 48-81 to 69.50. ; 

As a knowledge of the nature of this air is 
highly neceffary, in accounting for a variety of 
phenomena, Tfhall lay before youa fummary of it’s 
properties, to imprefs more ftrong!y what I have 
already mentioned to you. 3. It has added one 
more to the number of acids. 2. When calcareous 
alkalies and magnetia, in their ufual ftate, are mixed 
with acids, an cifervefcence takes place, and fixed 
air is difengaged from them. 3. It has caufed a 
diftinction to be made of all alkaline matter into 
two ftates; the ftate of purity or canflicity, and the 
mild ftate, having thé property of -effervefcence, 
‘Alkalics, both fixed and volatile, become- morg 
cauftic and more powerful folvents, when de- 
prived of their fixed air; they are then alfo inca- 

: pable 
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pable of cryftallization, and effervefcing with acids. 
‘The calcareous earths which are infoluble in water, 
when deprived of their fixed air, are foluble thereins 
thus lime-ftone ig not foluble in water, but lime, 
that is, lime-ftone deprived of it’s fixed air, is 
foluble in water. It has thus removed from ches 
miftry the difficulties it was under in accounting 
for the differences between the mild and. cauftic 
{tate of lime and alkalies, and their cifervefcence 
with acids in the one, but not in the other: by 
pointing out this effect, Dr. Black, of Edinburgh, 
has been of the utmoft benefit to {cience, and now 
reaps the reward arifing from well-deferved and 
univerfal fame. 4. It gives the firft inftance of an 
acid which prefers lime to fixed alkalies. 5. It 
has explained the nature of mephitic caverns. 
6. Ithas rendered the analyfis of waters more per- 
fect, particularly fuch ag are called gafeous, aci- 
dulous, and fpirituous; and we have fucceeded in 
imitating of them. 7. It has thrown great light 
on the folution of ircn in many waters, and on the 
means of procuring martial waters fimilar to thofe 
in nature. Laftly, it has opened a new field to the 
refearches of chemifty and natural philofophers. 
Indced every object in nature affords occation for 
philofophical experiment, and every experiment 
which is made, even with an exprefs view to any 
particular inveftigation, incidentally fuggcits mar. 
ter for new inguiry. There is not an animal or a 
vegetable fubftance that we feed on, nor a faline 
fubftance that we tafte, nor a beverage that we 
drink, nor the air we breathe, nor a metal that we 
handle, nora ftone we tread upon, but-what may 
furnith matter for an infinity of experiments. It 
is by experiments that natural philofe phers explore 
fecondary caufes, which are fteps that ought t6 lead 
the mind of man from earth to heaven; for the 

1i 3 More 
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more diftinctly you apprehend the numbe?- arid 
connection of the fecondary caufes operating in this 
little fyftem which is fubmitted to your view; thé 
more certainly you will perceive the hneceffity of 
theirulrimately depending; like the links of Homet’s 
chain, ona FIRST.* 


* Watfon’s Chemical Effays, vol: iv. Pp. 354 
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Or InrLaMMasLe AIR. 


oe air is found ready formed in marfhes, 
ditches, and over the furface of putrid waters, 
in burying-places, in houfes of office, and in fitu- 
ations where putrid animal and vegetable matters 
are accumulated; it may alfo be extracted from 
the waters of moft rivers and lakes, efpecially thofe 
in which great quantities of fermenting and putri- 
fying matters arethrown. Dr. Franklin fays, that 
in warm countries, if the mud at the bottom of 
a pond be well ftirred, and a lighted candle be 
brought immediately after near the furface of the - 
water, a flame will inftantly fpread a confiderable 
way over the water, affording a very curious fpec~ 
tacle inthe night time. Mr. Cavallo affures us, 
that it may be plentifully procured from moft of 
the ponds round London: to do this, fill a wide- 
mouthed bottle with the water of the pond, and 
keep it inverted therein, then with a ftick ftir the 
mud at the bottom of the pond, juft under the 
inverted bottle, fo as to Ict the bubbles of air which 
proceed therefrom enter into the bottle; this air 
is inflammabie. When by thus ftirring the mud 
in various places, and catching the air in the bottle, 
you have filled it, you muft put a cork in the 
‘bottle, whilft the mouth is under water, and you 
may then take it home to examine the contents at 
Jeifure. There are many inftances recorded, of a 
vapour iffuing from the ftomach of dead perfons, 
which took fire on the approach of a candle; and 
fuch air is probably often generated in the intef- 
tines of living animals. It is found in mines in 
fuch quantities as to produce the moft dreadful 

1i4 elects, 
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effects. Being lighter than common air, it always 
rifes to the top of thofe places where it is generated; 
fo that it cannot be confined except in fome vaulted 
place. By itfelf it is very noxious; and will ins 
{tantly put an end to animal life; but when mixed 
with atmofpherical air, may be breathed in much 
greater quantity than fixed air; it’s great inflam- 
mability in this ftate, however, renders it very 
dangerous to bring any lishts in thofe places wheré 
it abounds; it does not inflame unlefs mixed with 
atmofpherical or with vital air, for pure inflam. 
mable air extinguifhes flame as effectually as fixed 
pr phlogifticated air; the explofion is more vio~ 
lent, and the flame more brilliant, when, it is 
mixed with vital than with atmofpherical air. 

Inflammable air may be obtained in great 
purity by decompofing water, which is always 4 
conftituent part thereof. “Che French writers term 
it hydrogen, that is, generator of water. 

Inflammable air may always be obtained froni 
water by fubjecting water to the action of a fub- 
ftance with which vital air has a greater affinity. 
than it has to inflammable air: by this means the 
§nflammable air is fet free. Red-hot iron is often 
employed for this purpofe; the iron during this 
procefs is calcined, and is changed into a fubitance 
refembling the iron ore from ‘the ifland of Elba ; 
in this ftate of calx it is much lefs attractible by- 
the magnet, and diffolves in acids without effer- 
vefcence. 

Charcoal, in a red heat, has the fame power 
of decompofing water; in this procefs fixed air is 
formed and mixed with the inflammable gas, but 
is cafily feparated by means of water or alkalies, 
which abforb the fixed air; and leave the inflam- 
jnable pure. Inflammable air may alfo be obtained 
by diffolving iron or zinc in weak oil of vitriol; 
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and with great difficulty, when alone, but.do it 
with great eafe and rapidity when affifted by the 
vitriolic acid. eer LBs a a 

I put fome iron-filings irité this bottlé; which 
is fimilar to that we ufed in making fixed air, and 
then cover them with oil of vitriol, which I havé 
diluted with water; a fermentation enfues} accom- 
panied with heat ; having let the common air efcapeé 
Fou the bottle, I fhall now put in the gtound 
ftopple and bent tube; and pafg the end of the tube 
into this bottle filled with water ftanding on 
the fhelf of our pneumatic apparatus, and you will 
foon fee it filled with a fluid; which, on examina« 
tion, you will find to be inflammable air, _ 

If you heat an iron tube; kept red-hot if the 
furnace, the bent end of the tube beirig introduced 
under one of the receivers of the pneumatic appa- 
ratus, and then let water pafs through the tube by 
fingle drops, an aerial fluid will be difengaged; 
which, on trial, you will find to be inflaminable 
air. As this experiment has been made by Mr. 
Lavoifier in the moft decifive manner, and 4s it ig 
the foundation of 4 new theory in chemiftry, I thal. 
endeavour to give you an accurate idea of the 
method uled by Mr. Lavoifier and his affociates. 
A gun-barrel was taken, into which was introduced 
a quantity of thick iron wire flattened by hammer- 
ing. The gun-barrel and the flattened iron were 
weighed with the moft fcripulous exac¢tnefs, after 
which the gun-barrel was covered with a lute, for 
the purpofe of fecuring it from the immediate con- 
tact of the fire. It was then placed in a furnacé 
with fuch a degree of inclination that water would 
run through it. To the higher extremity was 
‘adapted a funnel to contain water, which was 
futtered to efcape drop by drop, by means of a 
‘cock: the funnel was clofed, to prevent any of the 
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water from evaporating. To the inferior extré= 
mity of this gun-barrel was luted 4 tubelated re- 
ceiver, to receive the water which fhould efcapé 
decompofition. Lattly, to the tube of the receiver 
was fitted another tube; to convey the inflammable 
air to the pneumatic apparatus. 

As a further precaution, a vacuum was madé¢ 
in every part of. the apparatus, in order that the 
inflammable air might not be mixed with common 
air. Laftly, when all thefe preparations weré 
completed, the gun-barrel was made red-hot, and 
the water introduced drop by drop ; an enormous 
quantity of inflammable air was difengaged during 
the courfe of the experiment; when it was finifhed, 
the gun-barrel was cleared of it’s lute, and being 
weighed, was found to have acquired a confiderable 
augmentation of weight: /bis augmentation of weight 
added to the inflammable air obtained, gave a total 
very exaély equal to that of the water which had 
difappeared. The flat pieces of iron that had been 
introduced into the gun-barrel, and likewife the 
interior part of the gun-barrel itfelf, were con- 
verted into a thick ftratum of black calx of iron, 
or martial ethiops, cryftallized like the iron ore of 
Elba. The chemical analyfis of this fubftance 
proved, that the iron was reduced exactly to the 
fame {tate as that which had been burned in vital - 
air. 

Mefirs. Lavoifier, &c. were defirous of forming 
water again with the fame inflammable gas which 
had been obtained. Yt was burned in a proper 
‘apparatus, witha quantity of vital air equal to that 
which had been retained by the gun-barrel, and the 
fame quantity of water was reproduced with fuffi- 
cient exactnefs; it amounted to fomewhat more 
than fix ounces. This double experiment is con- 
fidered, by Mr. Lavoifier, as a clear proof of the 
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pofibility of decompofing and recompofing water, 
and of it’s refolution into oxigene and hydro. 


Inftead, however, of afferting from hence that 
water is formed by the combination of the twe 
gaffes, it would be more philefophical, as wearer 
the fad itfelf, to fay, that the water obtained in 
this experiment arifes from the mutual decompo- 
fition of thefe two gaffes, of which it probably 
forms the ponderable part. : 

_  Philofophers are agreed in allowing that water 
is the fenfible ponderable product of the foregoing 
experiment; and the queftion between them is, 
whether this water is formed by the union of the 
ponderable bafes of thefe Ruids, or whether theft 
bafes are not water itfelf, and which is therefore 
not produced, only liberated, in this experiment, 

By afferting that it is formed, the French writers 
have turned a faf into an hypothefis. 

_ Nothing indecd could be more convénient for 
the antipblogific chemifts, than their ideas of the 
compofition of water; for a8 this fluid exifts, more 
or lefs, in almoft all bodies, and in almoft every’ 
chemical operation, ands it is, according to their 
theory, fuppofed to contain an inflammable princi- 
ple, nothing could be more eafy to account for all 
the phenomena before imputed to phlogiffon, than 
by fubftituting for this o/d yaflammable principle 
the new ixflammable principle of water. The doc- 
trine of the compofition and decompofition of water 
hasaccordingly been the univerfal Edipus that un~ 
Jocks all the myfteries of chemiftry ; the cau/a fine 
qua non of the French fchool, * a fchool in which 
hypothefes are continually taken for granted as af- 
certained truths, and in which opinions, that ina 

conjectural 
* Keir’s Di@ionary of Chemiftry, firt part, Preface, p. 7, 
Piionary, p. 207. 
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conjectural fyftem are proper objects of difcuffiony 
are admitted as facts and demonftrated truths. 

It has often been objected to the phlogiftic 
theory, that phlogifton was merely a being of hy- 
pothefis, while the French fchool boaft that their 
theory, if it can be fo called, is nothing but aa 
expofition of fads. You will find, on inveftigation; 
that their theory is at leaft as full of hypothefis as 
that which they oppofe. Thus their carbonne and 
hydrogene are not fubftances which have ever been 
exhibited to out fenfes, or inferred by any certain 
induction. : ; 

Their carbonné is fuppofed to be the temaining 
part of chatcoal after it has been divefted of earth 
and fixed falts. It neverthelefs is fuppofed to re- 
tain the peculiar properties of charcoal in forming 
fixed air when united with vital air. But what 
fact afcertains the exiftence of fuch a being, or it’s 
poffibility of forming fixed air, when deprived of 
all it’s earth and falts? Of their hydrogene we have 
already fpokem ; 

The great quantity of inflamimable air pro- 
duced in warm climates, has made fome conjecturé 
that it may have a confiderable fhare in producing 
certain atmo{pherical meteors. The weak light- 
nings, without any explofions in the atmofphere, 
are by them conjectured to proceed from inflam- 
mable air fired by clectric explofions. M. Volta 
fuppofes, that the ignes fatui are occationed by the 
inflammable air, which proceeds from marfhy 
grounds; but thefe phenomena may be better ac- 
counted for by the action of the electric fluid 
alone. ; 

This gas is more common than any other of 
the foxious airs, for there is hardly any infamma- 
ble fubftance from which it may not be extracted. 
The fluids, however, which go by the name of in- 
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flammable air, have often no other property in 
common but inflammability, and being lighter than 
common air. The fmell, weight, power of burn- 
ing, of preferving their properties, and the phe- 
nomena attending their combuftion, differ. very 
much, forne burning in an explofive manneg, 
others quietly with a lambent flame. 5 
There is a diftincion neceflary to be made 
between an inflammable claftic fluid, and thar 
which is made by combining an inflammable fub=°: 
{tance with common air. hus, a drop of ether 
put into a quantity of common air mixes itfelf 
with it, and takes fire on the approach of flame 
like inflammable air; but if wafhed with water, | 
the ether is immediately feparated from the air. 
Common air becomes alfo inflammable by being — 
rranfmitted through feveral effential oils, and thus 
air contiguous to the plant, called fraxinella, be- 
comes inammable in calm hot weather, by the 
emiffion of it’s inflammable air. Inflammable air 
is often mixed with other fubftances, which it 
holds in diffolution, and which conftitute five 
varieties, viz. hepatic gas, phofphoric gas, me- 
phitized inflammable gas, cretaceous inflamma- 
ble gas, carbonaceous inflammable gas. : 


Or Pure InrraMMABLE AIR. 


This air has a very difagreeable {mell, which 
jt even retains when mixed with a large quantity 
of common air: you remember when I made 
fome juft now, it filled the wholee room with 
it’s offenfive fmell, which is not even yet gift 
fipated. . a Vise 

It gives no figns of acidity, it does: not pre- 
cipitate lime from lime-water, nor change the cé- 
lour of turnfole; when it. is-very pure,’ you may 

: eafily 
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eafily preferve it in bottles that are well corked, 
and that though there fhould be water in the bot, 
tles, for it is not foluble in water. . 

- Inflammable air is not proper for refpiration, 
Birds fucceflively placed in a veffel filled there- 
with died, without producing the finalleft percep- 
tible change in the gas itfelf. Mr. Chaptal found 
that frogs, in forty inches of inflammable air, died 
in. the {pace of three hours and a half, while others 
lived fifty-five hours in vital and atmofpheric air; 
when taken out they were ftill alive, the air was 
neither vitiated nor diminifhed. From a variety 
of experiments, he found that thefe animals have 
the faculty af ftopping their refpiration, when 
placed in any noxious gas, to fuch a degree, that 
they only infpire once or twice, and afterwards 
fufpend every function on the part of the refpira- 
tory organ, 

This gas does nat appear to be changed by 
the human refpiration, and M. Chaptal thence in- 
fers that it is not refpirable; for if it were, it 
would fuffer 9 change in the lungs, the object of 
refpiration not being confined mercly to the re- 
ception and emiffion of a fluid. It’s functions are 
more noble, more interefling, and more intimate- 
ly connected with the animal economy. We fhould 
confider them as an organ pourifhed by the air, 
digefting that part which is prefented to it, re- 
taining the beneficial, and rejecting the noxious 
part. Inflammable air may, indecd, be refpired 
feveral fucceflive times without danger to the in+ 
dividual, or without any change or alteration in 
itfelf: we may conclude from thence, that inflam- 
mable air is not poifon; but we cannot infer from 
thence, that it is proper for refpiration, : 

Inflammabie air is not combuftible alone, it 
does not inflame without the concurrence of vital 
ar | fhall take this veffel, which is filled with 

a jnflammabls 
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inflammable air, from our pneumatic apparatus, 

placing my thumb on the mouth thereof to pre~- 
vent the air from efcaping; I fhall prefent the 

mouth to the Hame of this candle, which imme- 

diately inflames the air at the furface, and the 

flame gradually defcends lower and lower to about 

the middle of the bottle; but it burns only while » 
in contact with the air; for the moment I clofe 

the bottle the flame goes out. Here is another 

bottle filled with this air, I prefent a lighted ta~ 

per thereto, and the furface is inflamed; I plunge 

it lower, and it is immediately extinguifhed. Even 

the moft inflammable bodies, fuch as phofphorus, 

do not burn in an atmofphere of inflammable air. 
It’s inflammation is, however, more rapid in prox 

portion to the furface expofed to the air. 

Here is a fmall piftol, in which I fhall mix 
inflammable and common air, then ftop the mouth 
with a cork, and fire the air by a fpark from our 
electrical machine. You obferved how loud the 
noife of the explofion, and you fee with what force 
it has driven gut the cork. It muft needs appear 
fingular to youto fee a piftol charged and exploded 
by the combuftion of an ixvifible fubftance, 

The neck of this bladder is tied to a metal 
pipe, the bladder is filled with inflammable air; 
f ihall inflame the air by applying the flame of a 
candle to the extremity of the Pipe, {queezing at 
the fame time the bladder; thus a beautiful ftream 
of fire is formed in the air, which will laft as long 
as I force out the inflammable air. You muft be 
careful, in repeating this experiment, to keep. 
continually preffing the bladder, to prevent the 
entrance of atmofpheric air, by which that with- 
in the bladder would explode with violence, and 
burft the bladder to pieces, j 

On this principle artificial Sreworks have 
keen conftructed, without {moke and without 

noife, 
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noife, by filling the bladder with this air, and forc- 
ing the air through ¢ubes bent in various direc= 
tions, furnifhed with ftop-cocks, and pierced with 
a great number of holes; the air is forced through 
thefe holes by preffing the bladders, and is inflam- 
ed by a taper, and continues to burn as Jong as 
you prefs the bladders, -or till you turn the ftop- 
cocks. Mr. Dillier exhibited fome very beauti- 
ful fireworks of this kind, at London, of different 
figures and colours. The colour varying’ with 
» the mixture, one third of the air of the lungs mixed 
with the inflammable air of pit-coal, gives a blue 
coloured flame; inflammable mixed with nitrous 
air, affords a-grecn colour; the vapour of ether 
affords a white fame. , 
Inflammable air is lighter than common air; 
a cubic foot of atmofpheric air weighs 720 grains, 
a cubic foot of inflammable air 72 grains. The 
barometer being at 23.3, and the thermometer 
at 60, the weight of ‘this air, to that of com. 
mon air, was found as 84 to 1000; confequently 
it is about twelve times as light. It’s fpecific 
gravity varies very much, becaufe it is difficult 
to obtain it conftantly of the fame degree of pu- 
xity. The theory of balloons, or aeroftatic ma- 
chines, is founded on the levity of inflammable 
air. Ie is fufficient that the weight of the balloon 
atfelf, and the air it inclofes, fhould be lighter 
than an equal bulk of common air, and it muff 
gife till it’s weight is in equilibrio with an equal 


‘yolume of the furrounding medium, - 
Or Hapatic Arr, 


Inflammable.air.poffeffes the property of dif. 
folving fulphur, in which cafe it contracts.a very 
‘foetid tmeil, and forms hepaticair, © ©: © ; 
" ° Mr, Gengembre -put fulphur into inverted 

5 OR veffels 
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Veffels filled with inflammable air, and diffolved 
it by means of a burning-glafs, and found it pof- 
feffed all the diftindtive characters of hepatic air. 
It is generally obtained from liver of fulphur, or 
folid hepars, decompofed by means of acids in the 
pneumatic apparatus; it is extricated in vaft 
- quantities, by pouring marine acid on hepar ful~ 
phuris. If inflammable air be paffed through melt 
ed fulphur, it is converted into hepatic air. The 
formation .of this gas is generally effected by a 
decompofition of water. In fact, livers of ful- 
phur do not emit any difagregable {mell while they 
are dry; but the moment they are moiftened, an 
abominable fmell is perceived, and vitriolated tar-. 
tar begins to be formed. Thefe phenomena fhew 
that the water is decompofed;.that the inflam- 
mable air unites to the fulphur, and. together with 
. fire volatilizes it, while the vital air unites with 
the alkali, and forms a more fixed product. 

It is not fit for.refpiration, and turns the. 
fyrup of violets green. If pure air be mixed with 
it, the oxigene thereof combines with the hydro-~ 
gene, and precipitates the fulphur; for the fame 
reafon it is decompofed .by the fmoking the ful- 
phureous acid. : : : 

It takes fire by the contact of inflamed bo- 
dies, or by the electric fpark, and burns with a 
reddifh blue flame, depofiting fulphur at the fame 
time on the fides of the veflcl. It detonates when 
{et on fire in vitai air; it is very foluble in water, 
which it converts into a ftate perfectly refembling 
that of the fulphureous mineral fprings ; it is pro= 
bable, therefore, that it is this gas which im- 
pregnates fulphureous water ; it’s great attraction 
for fcme metals, and their calces, makes it the 
bafcs of fome fympathetic inks. It’s fpecific gra~ 
vity, comparcd to that of atmofpheric air, is as 
1106 to 1000, 

Vol. 1. Kk Puos- 
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Puogspuoric AIR. 


This is inflammable air, in which phofpho~ 
mis has been diffolved. It was obtained by Mr. 
Gengembre, by boiling a folution of cauftic vege~ 
table alkali, with half it’s weight.of phofphorus, 
and receiving the elaftic fluid, which was difen- 
gaged under glafs veffels filled with mercury. It 

cannot be collected in water, being very foluble 
therein. It has a very foetid fmell, and is unfit 
for refpiration. 

It takes fire /pontaneoufly by the contact of 
air, accompanied with an explofion, which may 
prove dangerous, if you prefent too large a quan- 
tity of air at once, When vital air is mixed with 
this gas, it burns with great rapidity, producing 
a great degree of heat, which dilates the receivers 
fo much, tbat they are fometimes fhattered to 
pieces. As this phofphorus takes fire on contact 
with the air, it communicates it’s combuftion to 
the inflammable air. 

It is probably to a difengagement of a gas of 
this kind, that we may attribute the ignes fatul, 
which play about burying grounds, and in general 
all places where animals are buried and putrify. It 
is to a fimilar gas that we may refer the inflamma, 
ble air, which conftantly burns in certain places, 
and upon the furface of certain cold {prings, 


InrramMMaBLe Capponic Gas. 


It is now fuppofed, that charcoal, though fixed 
in -clofed veffels, and in our ordinary fires, con~ 
tains a carbonaceous principle, denominated by 
the French writers carbonne, which may be re~ 
duced into vapours by a great degree of heat; and 
that it is foluble by acritorm fluids, more particu- 

larly 
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larly by inflammable air, which often combines 
with it when afluming the aerial ftate. ; 

This air is difengaged, when caft iron or 
fteel is diffolved in fpirit of vitriol. Charcoal 
may be diffolved in this gas by a burning-glafs, 
when the gas is in the mercurial part of the 
pneumatic apparatus; though this modifies’ it’s 
effects, and alters the refults of it’s combina- 
tions; it burns witha blue flame, throwing out 
white or reddifh fparkles. 

Mr. Berthollet fufpects, that a mixed gas 
formed by a folution of charcoal in mephitis, is 
the colouring matter of the Prufian blue. ; 


Creraceous INrLAMMABLE AIR. 


This is the mixture of inflammable and fixed 
air, but without combination. It is obtained 
by diftillation from many vegetable . matters, 
from tartar, from all the tartarous falts, from 
hard woeds, or charcoal, which is burned, by the 
affiftance of water, from pitcoal, &c. *It. burns 
with difficulty; but thowgh three-fourths of it’s 
bulk be formed of fixed air, it (till remains com- 
buftible. 

The inflammable may be feparated from the 
fixed air, by means of lime-water, or cauftic al. 
kali, with which the fixed air combines. : 


InrLaAMMABLE AiR FRoM Marsuts. 


This is infammable air mixed with phlogifti- 
catedair. It is produced bythe putrifaction of many 
vegetables, and of almoft «ll animal fubflances. It 
is difengaged from ftanding waters, and all places 
where aninials putrify in water. It accompanies, 
precedes, or follows oe formation of the vola- 

2 tile 
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tile ‘alkali; which takes place in putrifaGtion. It 
isa fimple mixturg without combination. It burns 
with a blue flame; it detonates, but. with diffi- 
culty, in vital air. After detonation, in Mr. 
Volta’s Eudiometer, fome drops of water are 
found, and a refidue of phlogifticated air, more 
or lefs pure. 


Morratic Acip Gas. 


This air is not found exifting, or ready form- 
ed in nature ; but is an artificial production; it is 
obtained by heating fpirit of falt, or liquid muria- 
tic acid in a retort, whofe-neck is plunged beneath 
a vetlel filled with mercury. It may be produced 
in the fame apparatus by heating a mixture of° 
common falt and oil of vitriol. It cannot be col- 
lected in water, as it is quickly abforbed thereby. 
It feems to be nothing more than the muriatic acid, 
deprived of part of it’s water, and combined with 
fo much fire, as will make it affume an elaftic aeri- 
form ftate, : 

, This air has a ftrong penctrating fmell, being 
the muriatic acid; it gives the fame figns of aci- 
dity, and reddens blue vegetable colours ; but does 
not deftroy them like oxygenated muriatic acid. 
Tt abforbs the vapours of water, which float in the, 
air, and forms with them a white fume. It melts 
ice with great rapidity, on account of the great 
heat feparated from it on it’s combination with 
water. It is abforbed by charcoal and by fponge, 
unites with all alkaline baies, and forms muriatic 
fates. Ir diffolves camphor. Ie is deftructive of 
animal life. On dipping a candle into this air, the 
flame is extinguifhed; but the moment before it 
goes our, and when it is firft lighted again, it burns 
with a green or light blue flame. This gas is con- 

fiderably 
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fiderably. heavier than common air, in the propor- 
tion of 5 to 3; a cubic inch weighs 0.654 grains’ : 
it does not act on metals. a 

Oxygenated, er dephlogifticated muriatic gas 
is obtained with great facility during the mutual 
action of the native calx of ‘manganefe, and the 
muriatic acid. 

It is confidered by fome as the marine acid 
deprived of phlogifton ; by others, as: he marine 
acid combined with vital air. 

It is of a yellowifh green colour, ee a ftrong 
penetrating fmell, and quickly deftroys animal 
life. 

It decompofes volatile alkali, which. may. 
therefore be ufed as a prefervative againft it’s noxi- 
ous effects, feparating the phlogifticated air from 
the alkali in proportion as it’s own vital air unites 
with the inflammable gas of the volatile alkali, with 
which it forms water. It thickens fat -oils, cal- 
cines metals, and is abforbed by water, to which 
it communicates all thefe properties. It will fup- 
port flame, but is fatal to animal life. 

Ir is gradually decompofed by the contac of 
light, and reduced to the ftate of pure. muriatic 
acid. 

It is one of the moft fingular difcoveries of 

_ modern chemilftry. 

It is abforbed almoft as readily as fixed air by 
water, but may be eafily expelled again by heat, 
and received in veffels containing mercury; but the 
air thus expelled, does not readily again incorporate 
with water: the electric fpark renders it wholly 
immifcible with water. 

It deflroys all vegetable colours. It does not, 
like acids, redden litmus and fyrup ef vialets, but 
renders them white, and has the fame effect on dyes. 
Jt bleaches vellow wax. Onaccount of this whiten- 
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ing quality, it has been applied fuccefsfully to 
bleaching of linen, yn cafes where expedition is pre+ 
ferred to ceconomy, 

It does not, however, affect all vegetable 
colours in the fame manner and degree. The co- 
louring matter of brazil wood, and fome green parts 
of plants, retain a yellow tint. The leaves of 
ever-greens long refift it’s action, and at laft only 
sacquire the yellow colour which they receive by a 
Jong expofure to the air. : 

Inflammable fubftances reduce it to the ftate 
of common muriatic acid. 


Sutpourzovus Acip Arr, or VitRioLtic Acip 
Arr, 


This is the product of art, It is formed when 
evera combuftible body takes away a part of the 
vital air, which is united to fulphur in the vitriolic 
acid. It is alfo formed when fulphur, burning 
flowly, abforbs but a fmall quantity of vital air 
from atmofpheric air, 

To procure vitriolic acid air, ftrong concen- 

. trated vitriolic acid is to be put into the ufual 
bottle with any proper fubftance ; olive oil anfwers 
the purpofe very well; there fhould be about three 
or four times as much oil of vitriol as fweet oil, . 
and both together fhould fill about one third or 
half the bottle. A gentle degree of heat is ne- 
ceffary to make thefe materials yield the elaftic 
fluid. 

Tt is very foluble in water, and deftroys many 
vegetable colours, fo that it’s oxigene muft be 
either totally or nearly difengaged. 

When united with alkaline bafes, it forms 
neutral falts, different both in figure and tafte 
from thofe which are formed by the vitriolic acid, 
and particularly in this, that they may be decom- 

pofed 
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pofed by more feeble acids. It meltsice with great 
rapidity. 

It is heavier than commofi air, extinguitfhes 
combuttion, and deftroys animal life. 

If this air be mixed with alkaline air, it forms 
a beautiful white cloud, which becomes condenfed, 
and is found to be vitriolic ammoniac : at the fame 
time a yellow fubftance is feparated, which feems 
to be fulphur. Water impregnated with this air, 
may be frozen without parting with the air, and 
if fuch water be inclofed in a glafs hermetically 
fealed, and be then expofed to heat for feveral days, 
it depbfits fulphur. s 

It is heavieit of all aerial fluids, except fluor 
acid air, being to common air as 2265 to 1000. 


Frivor Acrp Gas. 


If pure fluor, or fpar, that fpecies of fub- 
ftance which is called the Derbyfhire fpar, and of 
which you have feen fo many ornaments for chim- 
nics made, be placed ina retort of lead, with a 
receiver of the fame metal adapted, and vitriolic ~ 
acid be then poured upon it, the acid of {par will 
be difengaged in an acrial form, by the application 
of a very gentle heat. ‘The fluor acid air is at firft 
produced without heat; but in a fhort time it will 

" be neceffary to apply the flame of a candle to. the 
bottle, by which means a comfiderable quantity of 
this elaftic fluid is obtained. \ This air readily 
combines with water, and therefore when expe 
riments are to be made with it in an elaftic ftate, 
ic mutt be received over mercury. 

The diftinguifhing property of this acid is 
that of diffolving filiceous earth. The firft ex- 
periments made with it were in glafs veffels; and 
it was obferved, that an earthy matter was depofited 
at the inftant the air came in contact with the wa- 
ter in the recipient ; this was found upon cxa- 
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mination to be filiceous earth. It has been found 
by fubfequent experiments, that this acid corrodes: 
glafs. Ithas theréfore been ufed to make etchings 
upon glafs in the fame manner as the nitrous acid 
has been long applied to copper. - 


Avxatine Acip Gas. 


This air was produced at firft by Dr. Prieft- 
ley from common fpirit. of fal ammoniac, with 
quick-lime. This air,. when pure, is inftantly fa~ 
tal to animal life, and extinguifhes flame: juft 
however before the flame of a candle goes out, it 
is enlarged by the addition of another flame, of a 
pale yellow colour. The electric fpark taken 
therein, appears of a red colour, and by degrees 
changes it into inflammable air. 

On confining fome water, impregnated with 
alkaline air, to a ftrong’ heat for fome days, a 
white fediment, or cruft, was formed on the 
furface. 

Copper, which is fo eafily corroded by the 
common volatile alkalies, is not corroded at all by 
this air. 

_ Bits of linen, charcoal, and fponge, admit- 
ted into it, abforb it, and acquire a very pungent 
fmell. It diffolves ice almoft as readily as an hot : 
fire. ke 

The fpecific gravity of this air is to that of 
common air, as 600 to 1000. 
~_. Dr. Pricftley procured’ it by mixing one part 
of pounded fal ammoniac with three parts of flack 
lime. When changed into inflammable air, it has 
been conjectured, that the change is occafioned by 
heat alone, without the concurrence of light, 
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Asstract or a.Dissertattén on Priocistor, 
sy Mr. Wieciis, a German Cuemist. 


In oppofition to the French theory Mr. 
Wieglib afferts, 

1. That there exifts in combuftible bodies, 
and in many which are not fo, a certain inflam- 
mable principle, which is feparated when they are ° 
in combuftion ; and that metals, by means of fire, 
are reduced to a calx, 

2. This principle may be collected during the 
combuflion of thefe bodics, and is found in a ftate- 
nearly fimple in the form of gas. : 

3. ‘Vhat it is much lighter than any known 
matters 

4. That all bodies that are combined with 
this principle, lofe part of their fpecific gravity, © 
and that in proportion to the quantity of phlo~ 
gifton combined with them ; but increafe in weight 
by being deprived thereof. 

5. “This principle has a great affinity with 
vital air; their mixture is fufceptible of a very 
great condenfation, and changes into phlogifti- 
cated air. 

6. That combined with water and fire (the 
matter of firc), it forms inflammable air. 

7. United with phofphoric acid, it forms 
phofphorus, and with the vitriolic acid fulphur. 

8. Charcoal is compofed of this inflammable 
principle, and fixed air, with which faline and 
carthy particles are mixed. 

g. Weare ignorant of the conftituent parts of 
vital air; perhaps it is compefed of the principle of 
the pureft water, and of the matter of pure fire. 

to. We are equaily igh norant of the conftitu- 
ent parts of fixed air; we can only exhibit it as a 
gempound, 
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3. Of the exiftence® of an inflammable principle, 


It is impoffible to deny the exiftence of an 
inflammable principle in many bodies, unlefs the 
mind be led afide by the force of prejudice. The 
moft ancient chemifts were fenfible thereof ; Geber 
defcribes it under the name of materiam fugitivam 
et inflammabilem, aut fulphureitatem adurentem, eva- 
porating from metals during calcination. The 
chemifts of the middle age acknowledge it under 
the name of fulphur: Becker and Stab/ rejected 
-this denomination, and made ufe of the terms iz~ 
flammable principle or pblogifton; they did not 
adopt it on mere hear-fay; their own experience 
taught them, that by friction alone you -might 
difengage from fevera] metals, chiefly copper, lead, 


‘| tin, and iron, a certain odour which became more 


fenfible when the metals were melted, or during 
calcination, but which is ftill ftronger when they 
are diffolved in acids. 

The odour which efcaped during thefe opera- 
tions intimated the prefence of this principle ; and 
this fuppofition obtained more probability on ex- 
amining the metallic calces, or the precipitates 
obtained by diffolutions, which are found to be 
deprived of the brilliancy peculiar to the metals, 
as well as of the above-mentioned odour. The 
abfence of thefe properties naturally conducted 
them to this conclufion, that during the cal- 
. ination or diffolution of the bodies, a: certain 

. principle efcaped, which was the origin of the 
Tmell, and which communicated to metals their 
brilliancy and ductility. The heat and light dif~ 
fufed by a lighted candle, or coals in combuf- 
tion, properties poffeffed by many other bodies, as 
eil, greafe, tallow, pitch, wax, fulphur, phof. 

4 phorus, 
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phorus, wood, ftraw, &c. conduct us to the fame 
idea, i. e. that there exifts in, bodies an inflam- - 
mable principle, on which their combuftible pro-~ 
perties depend. 

But the truth of what is here only deduced 
from phenomena, is evidently proved by the re- 
duction of metallic calces to perfect metals, by ; 
reftdring to thefe calces, the inflammable principle 
that they had loft by calcination. 

The modern chemitts have fhewn us how to 
feparate this principle from different bodics, under 
the form of infammable air; with this difference, 
however, that in the inflammable air there is alfo 
water combined with fire. : 

The prefence of this fubftance in inflammable 
air is proved by the properties and effects it pro- 
duces, which are the fame as thofe by which inflam- 
mable air is diftinguifhed. Dr. Prieftley obtained 
inflammable air by expofing zinc and iron to a 
violent fire; the fame refult is found from the 
folution of thefe metals in the vitriolic and muri- 
atic acid, and by expofing to the focus of 4 burn- 
ing-glafs pure fteel filings, contained in a veffel 
filled with mercury. 

It is impoffible in thefe experiments to mif- 
take the inflammable matter inthe form of in- 

_ flammable air. A phenomenon obferved by Dr. 
’ Prieftley fhould be noticed here : a kind of explo- 
fion he obferved, while the iron filings were heat- 
ing, and which caufed a portion of the filings to 
leap about. From this experiment we may con~ 
clude, that anacriform fubftance is difengaged from 
fire by heat, proving at the fame time how fmall 
a foundation there is for that theory, which con- 
fiders the metals as fimple fubftances. After what 
has been faid, there is little necefiity for proving 
that charcoal contains phlogifton. If the calci- 
nation of metals depends on a privation of this 
inflammable principle, their reduction or return 
tar 
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to their former ftate, fhould naturally take place 
when this principlg is reftored. But this reduc- 
tion does not take place, unlefs the metallic calces 
are expofed to the action of charcoal, or fome 
other inflammable fubftance. Thefe fubftances 
mutt neceflarily therefore contain the principle 
that co-operates to the reduction of metals. Befides, 
we may further appeal to the inflammable nature 
of charcoal, which is fo well known to every one. 
The nature of charcoal, it’s exiftence as an ori- 
ginal {imple principle, forms an effential link in 
the French chemiftry, without which it cannot be 
fupported. | Though enough might be deduced 
againft this notion, from what has been here faid ; 
YT thall cake occafion to notice it again in the courfe 
of this differtation. ; 


2. Separation of the inflammable principle, 


Though every one acknowledges, that infam- 
‘mable air may be feparated from all inflammable 
fubftances, ftill it is effential to prove, that air, 
Known by the name of inflammable air, poffeffes 
the fame propertics that are -attributed to the 
infammable principle of certain bodies. Now 
every one knows, that nitre explodes only with 
inflammable fubftances, that is, that contain phlo- 
gifton: this has been fully proved by Mr. Achard 
and others. 

Mr. Achard conveyed fome inflammable air 
obtained froma mixture of iron, and the vitriolic 
acid, into melted nitre, anda very confiderable 
explofion took place; and excepting a fmall por- 
tion of alkali, all the remaining nitre was decom- 
pefed. Mefirs. Macquer and Montigny have alfo 
obferved, that metallic calces might be revivified 
as well by inflammable air, as by powdered char- 
coal. Mr, Pelletier, in pafling inflammable air 
. through fome arfenical acid diflolved in two parts 


of 
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of water, obtained thereby: an acid in a metallic 
form, which feparated itfelf from this liquor. 
All chemifts know, that copper diffolved in the 
vitriolic or muriatic, but principally in the nitrous 
acid, is found abfolutely ina ftate of ca/x. It is 
alfo known, that while the vitriolic or muriatic 
acids attack the iron, inflammable air is dif— 
engaged; but if the nitrous acid is ufed, nitrous 
air alone is produced, By expofing, to either of 
the three diffolutions of copper, a piece of polifhed 
iron, the copper is immediately feparated there- 
from, and recovers it’s metallic brilliancy: during 
this experiment, no inflammable nor nitrous air - 
is difengaged, although the acids have certainly 
attacked the metal. It may be afked, what is be- 
come of the inflammable principle ‘of thefe airs, 
We anfwer, that it is united to the calx of the 
copper; for by what other means could the copper 
have re-acquired the inflammable principle it had 
loft, but from the inflammable principle of the 
iron, which abandons the laft metal to attach itfelf 
to the copper. : 

3. Negative weight of the inflammable principle. 

The imponderabili y of this principle may be 
confidered as a kind of axiom, for no one has been 
hitherto able te thew that ir has any weight. 

4. The inflammable principle diminifbes the gra- 
oly of bodies; for as foon as they are deprived thereof, 

ibey recover their original weight. 

M. Weiglib confiders this as fuficiently known 
to thofe w ho * are inftructed in modern philofophy ; 
and in the courfe of thefe Lectures you will find 
this pofition illuftrated by various arguments. . 

5. Of the intimate combination of the inflam- 
mable principle with vital air, and the developement 
of phlogtficated air. 

Though we confider the exiftence of an inflam- 
mable principle peculiar to combuftible bodies, 


yet 
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yet we allow combuftion cannot take place unlefs 
they are furrounded with cither vital-or atmofphe- 
rical air: indeed the laft fecms only to acquire this 
faculty in proportion as it contains vital air, fo 
that this may be confidered as that alone in 
which contbuftion can be produced. There is a 
natural proportion eftablifhed between the quantity 
of the combuftible body, and that of the air in 
which the combuftion is made; for experiment 
fhews, that the combuftion never goes beyond a 
certain point, and that this point is more retarded 
in vital air than in any other. In all combuttion. 
volatile particles efcape, in metals it is the inflam. 
mable principle alone which is difengaged, in other 
bodies a variety of matters cfcape with: this prin- 


‘ciple. Experiment fhews, that combuttion ceafes 


in phlogifticated or inflammable air; we may, 
therefore, fuppofe that thefe airs cannot abforb the 
particles which efcape from bodies in combuttion, 
becaufe they are already fufticiently loaded there- 
with. What we have here mentioned takes place 
more particularly in the fimple calcination of me- 
tals; for as thefe contain no other principle that 
can be volatilized, they lofe nothing but their in- 
flammable principle. 

When metals are calcined, a phenomenon is 
obferved, which is as it were the hinge or center of 
she new French chemiftry, and about which all the 
dotines thercof turn. When metals are calcined, 
er when combuftion is performed, in clofe veffels 
filled with air, a contiderable vacuum is formed 
in the veffel, and the remaining air weighs lefs than 
the air that was-before contained in the veflel: on 
the other hand, the body which has been burnt, or 
the metal’ which has been calcined, will have ac- 
quired weight, and this increafe of weight will be 
hearly in proportion to the lofs of weight in the 
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before, that the loft air is abforbed by the calx of 
the calcined metal. 

Mr. Wiegtib thinks Mr. ‘Lavoifier has forgot- 
ten that a condenfation of the air may have alfo 
taken place ; and it is to this condenfation Mr. Wa 
attribures the change in the air, fupporting his 
opinion on an experiment of Dr. Prieftley’s, who 
found that by taking electric fparks for a confide- 
rable time through a quantity of atmofpheric air, 
that quantity was diminithed near one-fourth in 
bulk. Mr. De la Metherie has alfo proved by his 
experiments, -that pure vital air may be diminifhed 
by the electric fpark, and changed into phlogifti- 

cated air. Now if thefe experiments prove that 
vital air, when pure, or when mixed with atmo- 
fpherical air, may be diminifhed by electricity, it 
is evident that in the cafe, of which we are now 
fpeaking, the fame thing fhould take place, unlefs 
it can be proved that a portion of this air has been 
abforbed ; but experiment proves, that this very 
fentible diminution of the mafs of air is owing toa 
real condenfation; for on introducing phlogifticated 
vapour into the pureft vital air, till it is completely 
faturated, there always remains behind a fmall 
portion of phlogifticated air. This is proved as 
well by the experiments of Mr. Lavoifier as of! 
other chemifts, although they have confidered this 
refiduum of phlogifticated air, accerding to their 
peculiar prejudices, as being anteriorly contained 
in vital air, Mr. Wieglib poured into a phial, 
containing g cunces of pure vital air obtained from 
manganefe; he poured, I fay, therein 4 ounces of 
a concentrated diffolution of liver of fulphur; the 
vital air then occupied a {pace of 5 ounces; fifteen 
days afterwards the phial was opened under water, 
and the water on entering filled the whole phial, 
except a fmall fpace of about three grains and a 
half in capacity. Now if the vital air had been 
abforbed, 
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abforbed, there fhould have beena perfect vacuurns 

but this was not the cafe, the fmall refiduum was 

; ea air. This experiment was repeated, 
ut always attended with the fame fuccefs. 

6. Of inflammable air produced by the combina- 

“tion of water wilb the inflaminable principle. 

Mr. Lavoificr, and the friends of the French 
fyftem, think that fome folid matter is neceffary 
for the formation of inflammable air, that this 
matter acquires it’s clafticity by fire, and is one of 
the conftituent or component parts of water. Mr. 
Wieglib confiders fire as one of the conftituent 
parts of this air, founding his opinion on Mr. La- 
voifier’s own experiments. ‘ 

By letting a copper tube 5 or 6 feet long, 
filled either with iron wire bent fpirally, or elfe 
with charcoal, pafs through a violent charcoal fire, 
introducing at the fame time the point of a fmall 
glafs alembic, which was filled with water, into the 
upper part of the tube, fo that the vapour of the 
water paiicd through the tube, the lower end of 
which was immerfed i a phial filled with water, 
inflammable air was produced. If charcoal be 
employed, a good deal of fixed air is obtained at 
the fame time, the iron, contained in the tube is 
calcined, or if charcoal is ufed, it is changed into 
afhes. 

Mr. Wieglib thus explains the above-men- 
tioned phenomenon ; the water in pafling through 
the tube combines with the fire, and is changed 
into vapour, which combining alfo with the in- 
flammable principle of the iron, is thereby changed 
into inflammable air. Other experiments may .be 
adduced to prove the fame point. 

7. The combination of the inflammable principle 
with phofphoric acid produces phofpborus, with the 
eiiriolic fulpbur. oo, : 

Whatever notions we now poffefs of the com- 

; ' pofition 
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pofition of natural or artificia] bodies, we are in- 
debted for them to an analyfis; phofphorus and 
fulphur were known before their conf{tituent parts 
were difcovered. The obfervation that phofphorus 
fhines when expofed to the air, naturally led to the 
idea, that this luminous body contained an infam- 
mable matter, which diffufed itfelf in the air in 
the form of a luminous vapour. By purfuing this 
idea further, Homberg and Margrat found that 
this inflammable matter contained alfo an acid of 4 
particular kind, From a knowledge of thefe two 
principles, later chemifts have been able to form 
phofphorus, by combining this particular acid 
with the inflammable principle, 

It was the fame with fulphur, whofe confti- 
tuent principles were placed in the cleareft point of’ 
view by the juftly celebrated Stahl. 

8. That charcoal is compofed of the inflammable 
principle and fixed air. 

My. Wieglib, before he explains his own 
propofition, gives an account of Mr. Lavoifier’s 
notions concerning the peculiar principle of char- 
coal, carbonne, and the inflammable principle it 
contains. 

Mr. Lavoifier confiders common charcoal as 
compofed of carbonne, inflammable air, earth, and 
falt.” In expofing charcoal toa great fire in clofe 
veffels, Mr. L. obtained a {mall quantity of inflam 
mable air; but as thefe coals expofed for a longer 
time to the fame degree of fire, exhibited no change 
of afpect, he conceived that by this operation He 
had feparated all the inflammable air. From this 
experiment Mr. L. confiders the refiduum as car- 
bonne, a fubftance abfolutely fimple, without 
proving the fimplicity thereof. 

Mr. Wieglib fhews, that charcoal is a com~ 
pound, confifting, 

1. Of the inflammable principle. 

Ld) 
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2. OF fixed air. 

3. Of terreftreal ticl 

4. Of faline } particles. 

The two laft are contained in the afhes, and 
are only acceflory, depending on the vegetables of 
which it is made, fo that fometimes none of thefe 
particles are to be found. 

Mr. Lavoifier’s theory confifts in confidering 
his carbonne as a fimple fubftance; and fuppofing 
in all the experiments (where there is a decompo-~ 
fition of charcoal) that the fixed air emaning there- 
from, is a new compound. This error he has been 
Jed into, from not obferving that charcoal is not 
decompofed when acted upon in clofe veffels; for 
in this cafe there is a diminution of the mafs of air, 
and the refiduum is fixed air. Mr. W. fhews, that 
the air is always diminifhed when the inflammable 
principle combines with vital air; but as this, 
when it quits the charcoal, efcapes into the air, 
the fixed air, difengaged by the fame operation, 
naturally follows. 

Fixed air has often mifled the moft able che- 
mifts, when they have endcavoured to prove it’s 
exiftence ; but on quitting the idea of it’s artificial 
compofition, which is far from being praved, we 
may always obtain every. neceflary knowledge. 
Scheele, whofe abilities are univerfally acknow- 
ledged, is one who was thus mifled, and we find 
him fometimes thinking he had formed this aerial 
acid (fixed air), fometimes that he had fimply fe- 
parated it. Scheele obtained fixed and inflammable 
air by expofing powdered charcoal to fire. By 
expoting alfo to a naked fire fixed cauftic alkali 
mixed and ground with charcoal, in a glafs alembic, 
ufing the pneumatic apparatus, you obtain a great 
quantity of inflammable air; the refiduum has loft 
it’s cauftic nature, and will effervefce with acids, 

‘and is confequently loaded with fixedair. In this 
experiment 
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experiment the inflammable principle is feparated 
under the form of inflammable‘air, while the fixed 
air is combined with the fixed alkali. 

By expofing to an open fire a mixture of li- 
tharge and powdered charcoal, contained ina lafs 
alembic folidly luted, we obtain, by means of the 
pneumatic apparatus, fixed air, and the litharge 
remaining in the alembic of glafs is revivified ; and 
in this experiment the fixed air is evidently pro- 
duced from the charcoal, while the inflammable 
principle combining with the calx of lead, reftores 
it’s metallic form, “The fame refult is obtained by 
diftilling filings of zinc with fixed cauftic alkali, 
fhewing further the ftrong affinity between the 
inflammable principle of charcoal and that of me- 
tal. On obférving alone the great quantity of fixed 
air procured by diftilling dried wood, one would 
naturally conclude, that this principle ought to be 
found in charcoal. 

9. The component principles of vital air are 
abjolutely unknown, : Z 8 

No onc has hitherto difcovered the method of 
compounding, or forming from principles, vital 
air, Mr. Wieglib invites thofe of a contrary opi- 
nion to the proof. Lavoifier himfelf fecms to 
think his proofs of (a pretended) oxigene combined 
with fire or light, as forming vital air, infufficient, 

In all the experiments where we find -this air, 
it proceeds from the decompofition of bodies, of 
which it was a conftituent part: it appears, there 
fore, to be of an appropriate nature, and to be a 
conftituent part of certain bodies: it may, poffibly, 
be found in fome acids, as is proved from the 
nitrous acid; but we ought not thence to give it 
the name of oxigene (acidifying principle), aname 
Hes might with greater propriety be attributed to 

re, 
10. Fixed 
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10. Fixed air cannot be produced by an artifi- 
etal combination, » : 

This propofition is dire@ly contrary to the 
obfervation of Mr. Lavoifier, and the chemifts who 
follow his fy{tem, and if eftablifhed will overthrow 
it entirely: for if the fixed air that Mr. Lavoifier 
obtained is not produced (produéium) by the com- 
bination, but only feparated (edué?um), the new 
fyftem falls to the ground, and their famous oxi~ 
gene will turn out to be as chimerical as their 
political theories. 

The propofition before us has been fufficiently 
proved by a feries of experiments, publifhed by 
Mr. Green, in 1786,* and which have not been 
refuted by Mr. Lavoifier, or any of the advocates 
of the French chemiftry. Mr. Wieglib repeated 
the experiments of Mr. Green, and was perfectly 
convinced of their accuracy. 

Of thefe we fhall now quote fome of the moft 
remarkable. In the fourth and eighth of Mr. | 
Green’s experiments, he burnt fome phofphorus 
under a receiver filled with atmofpherical air kept 
under water, and obtained an acid water which’ 
precipitated lime from lime-water, but contained 
no fixed air, Though Mr. Lavoifier ‘confiders. 
phofphorus (without proof, however,) as a fimple 
body, it is more probable you fee that it contains 
an inflammable principle. If Mr. Lavoifier’s 
affertion had been well founded, phofphorus ought 
inthisexperiment of Mr. Green’s to have produced, 
with the particles of vital air, fixed air; but as 
neither Mr. Green nor Wieglib could obtain this 
air, we may confider the French opinion as def- 
titute of foundation; the lime is precipitated in 
this experiment by the phofphoric acid difengaged 
by the combutftion. ; 

In 
* Obieev, et Exper. circa genefin aeris fixi et phlogift, Halla, 
1786, ia 4to. 
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“In his eleventh and thirteenth experiment, Mr. 
Green burnt -phofphorus, which was reduced in 
{mall pieces ; in eight cubic imches of the pureft 

» vital air, after the combuftion, there remained three 
eighths of a cubic inch of phlogifticated air, and 
the water contained no fixed air. Thefe experi- 
ments prove the fifth propofition. 

In the nineteenth, twentieth, twenty-firft, and 
twenty-fecond, Mr. Green could not obtain fixed 
air by burning fulphur in atmofpheric air. 

In the twenty-fourth and twenty-fifth, Mr. 
Green proves that frefh prepared calx of lead con- 
tains neither vital nor fixed air. 

Regulus of antimony, lead, zinc, fulphur, &c. 
exploded with nitre, produced no fixed air. 

Vital and inflammable airs burnt together, 
gave no fixed air, which ought to have been the 
cafe if there was any foundation for Mr. Lavoifier’s 
fyftem. 

Mr. Lavoifier’s errors have been in a great 
meafure occafioned by confidering charcoal as a 
fimple principle, without giving fufficient proofs 
for this opinion, Mr, Wieglib has fhewn, that it 
muft be confidered as compound, and that in ‘all 
the experiments where Mr. Lavoifier obtained fixed 
air, it was feparated from the charcoal he ufed. 

It has been faid, ‘that there is no direct ex.. 
‘periment to prove that fixed air is compofed of pure 
air and phlogifton, and that unlefs this is properly 
{upported, the prefence of phlogifton in metals, in 
fulphur, and in nitrous air, muft be given up.’” 
This reafoning is founded on a falfe principle, 
which feeks to combine fixed air with fubftances 
that only contain pure phlogifton ; but what proofs 
have we that fixed air is a compound. If thefe 
reafoners had confulted the operations in nature, it 
would certainly haveconvinced them, that 4y acom- 

bination 
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ination of vital air with phlogifien we never obtain 
fixed air. 

Mr. Wieglib, having proved the foregoing 
propofitions, invitcs chemifts to examine whether 
the fyftem of Szab/, as now improved, is not cons 
formable to truth? whether the experiments de- 
duced from it are not more fimple, more palpable, 
and more eafy to explain, than by Mr. Lavoificr’s 
new theory? He afterwards points out the fources 
that have led Mr. Lavoifier into error, traces the 
fteps that have. gradually conducted him to his pre~ 
fent theory. But views of this part of his paper 
would Icad farther than the nature of thefe Lectures 
will allow; : 

Thus I think you have feen that the inflam- 
mable principle ftill holds it’s ground, and cannot 
be rejected, as the French have imagined, from 
the philofophy of nature. You are not “to expect 
that any one can prefent you with a handful of this 
-principle, feparated from an inflammable. body ; 
you might juft as reafonably demand a handful of 
magnetifin, or gravity, &c. to be extracted from a 
magnetic or gravitating body. There are powers 
in nature which cannot otherwife become the objeds 
of fenfe, than by the effects they produce; and of 
this kind is che inflammable principle or phlo- 
gifton.” 

Wherever we turn, we find every éperation in - 
nature bearing teftimony to the exiftence of fire 
and light in various forms, and giving us evidence 
of their inceffant active energy. By their various 
modifications they are the principal inftruments in 
conftituting the peculiar and diftinguifhing pro- 
perties of bodies. To their phlogiftic principle 
metals owe their fplendor, ductility, and elafticity. 
It abounds in vegetables; their colour, tafte, and 
{mell depend thereon. Though contracted views 
of the laws of nature have diftinguifhed this active 

principle 
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principle by as many names as energies, yet is 
there great reafon for concluding, that it is the 
fame agent which we at one tigre contemplate in 
the form of concentrated light, tearing afunder the 
denfeft adamant, and at another rending the clouds, 
and threatening with refiftlefs deftruction the loft 
oak and towered citadel. 

« There is hardly a bedy in nature in which 
this principle does not enter. Whether we cait 
our eyes on the furniture of our houfes, or look 
abroad upon the trees in the foreft, the beafts in 
the field, the fith in the fea, the fea itfelf, or the 
mineral] {trata in the bowels of the earth, this prin- 
ciple perpetually obtrudes itfelf on the eye of the 
philofopher.”” 

« There is hardly an object in nature but what 
confifts of it under different modifications, or com~ 
bined with different bafes. The reftoration of the 
calces of metais to their metallic form, by a junc- 
tion with this principle, when obtained indifferently 
from almo every combuftible body in nature, 
feems clearly to afcertain the fact. It may, how- 
ever, be worth while to convey fome further idea 
of this matter by analogy, comparing the junction 
of phlogifion with fuch a variety of bodies to that 
mephitic air, which is believed to be latent, or fixed 

- ina block of marble.” 

« Previous to Dr. Hale’s and Dr. Black’s dif- 
coveries refpecting fixed air, it would have been as 
difficult to form any idea of fuch latent or fixed 
air, as fome now find it to conccive that a lump of 
wood, tallow, bees-wax, or iron, contains a large 
quantity of what is with propricty denominated 
latent or fixed fire.’”* 

“ As fixed air has the wonderful property of 
entering into the fubftance of a block of marble 
or lime-ftone, and of there lying hid in fucha 
manner as to be totally inconceivable to the.under-- 

| io ee frandinges 
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ftandings of mankind, abfolutely lofing every api= 
pearance of air; fo hath the folar fubftance the 
property of entering in a fimilar manner into the 
tubftance of a vaft variety of the objects of nature, 
but more efpecially into every metallic earth of 
calx; thereby giving it it’s metallic form, and 
continuing intimately combined with it, fo as, 
without the aid of fume chemical or mechanical 
procefs, to clude both our feelings and the detec= 
tion of the niceft thermometer.” 

‘As fixed air is capable of fendéering the moft 
cauftic alkali or lime perfectly mild and harmlefs 
to the touch or tafte, fo hath fixed fire the property 
of rendering fome of the moft corrofive and poi< 
fonous metals equally mild and harimlefs. There 
is hardly any, from the ftrongeft concentrated mi= 
neral acid to the weakeft vegetable one, but what 
will expel ‘fixed or mephiti¢ air from alkaline fub- 
ftances, combining with thern into a variety of. 
netitral falts. Some of the ftronger mineral acids, 
and probably the vegetable, if properly concen~ 
trated, will alfo expel intiammable air from metal. 
lic fubftances, with which they alfo combine, 
forming a variety pf neutral falts. They who de- 
ny the exiftence of phlogifton, may confider this as- 
merely a f tion of infammable air from the 
diflerent carthy or metallic bafes; but furely the 
inflammable air may with equal propriety be cons’ 
fidered as the principle of infammability, affus 
ming, 12 cenjunciisn with water, anew form, viz. 
that of air; for the higheit concentrated acid, which 
we can ufe on thefe occations, contains a fuficient 
quantity of water to form, in conjunction with 
phlogifton or fixed fire, fome proportion of that 
elaftic fluid which we call inflammable air.” 

« Jf weattend ftill more-clofely to this circum- 
fiance, we fhall be compelied to acknowledge thar 
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snineral acid muft part with it’s water upon ‘it’s 
particles uniting with thofe of the folid metal. It 
becomes then, in fact, a cafe of double elective 
attraction; the acid and the metallic earth unite, 
the water quits the acid, and unites with phlogifton 
inthe newly-formed aerial compound; yet all the 
water cannot be difpofed of in this way, for a con 
fiderable portion of it enters into the metallic fale 
as it fhoots into cryftals, from which, by the ap» 
plication of a moderate heat, it may be expelled in 
it’s pure ftate, leaving the acid and metallic earth 
in the form ofa faline powder.” 

* The quantity of phlogifton which is fixed ina 
pound of any metal will occupy an immenfe {pace 
when expanded, in conjunction with water, in the 
form of inflammable air. The fame thing may be 
obferved of the mephitic vapour which rifes from 
alkaline falts, and abforbent earths, when they are 
mixed with an acid in a folid form; for here nq: 
fixed air will rife. This is owing to the want of 
water to combine with the mephitic acid in the 
form of fixed air ; for no fooner is moiiture added, 
than the fixed air rifes copioufly. And to this 
caufe we ought alfo to afcribe part of the lofs of 
weight, which was firft obferved by Dr. Black on 
the mixture of acids and abforbent earths, or alka- 
line falts.” 

*« Fixed air, as an acfd, neutralifes, and renders 
mild, the moft corrofive alkali or lime. Dr,. 
Prieftley hath conceived phlogifton to be the prin- 

. ciple of alkalinity ; andaccordingly, like fomething 
alkaline, we obferve it, from whatever fubftance 
obtained, to form a junction with the moft corro= 
five mineral acids, and to rob them of their activity 
as fuch: thus the muriatic acid, that has been 
once ufed in making the corroded preparations of 
anatomif{ts, is fo nearly neutralifed, and rendered 
inert, that it will not repeatedly an{wer that pur- 


pofe, 
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pofe. The {trongeft vitriolic acid lofes it’s cauftic 
property in the fame manner, but more ftrikingly, 
by junction with oil, bees-wax, or tallow, which 
abound with phiogifton. As fixed air may, by 
art, be feparated from marble and lime-ftone, and~ 
may be made to appear evident to our fenfes; fo 
. may the moft of this fixed fire be feparated, by art, 
rom the bodies which contain it, and become 
immediately obvious to our feelings, and to the 
detection of a thermometer.’’* 


Oprnions or Ancient Writers. 


It may be ufeful, and I think cannot be un- 
pleafant, to lay before you the opinions of ancient 
writers upon the fubjeéts we have hitherto dif. 
cuffed in our Lectures: they had the fame opportu 
nities that we have, and derived their knowledge 
of things from evidence and obfervation, How 
far they were capable of carrying their obferva- 
tions, it will be difficult to thew with precifion: 
much farther, however, than feems to be allowed 
by many modern writers, who confider wifdom as 
achild newly born.t 

There are innumerable appearances and ope- 
rations in nature, which are fubjected to the eyes 
and fenfes of men, though ainatifted by philofophic 
apparatus; and as nature is confiftent with itfelf, 
from thefe we may form a judgment concerning 
their knowledge of phyfical principles, 

The fkill of the ancients in mechanical arts 
is generally allowed, and monuments of it are ftill 
‘remaining, which their fons at this day would find 
it -hard to exceed or even to imitate; their know- 
ledge in geometry and mathematics is the founda~ 

tion 
* Medical Speétator, No. 12, 
+ For inftances of the knowledge of the ancients. Tee Tones’s 
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tion of our own, and perhaps modern times can 
find none fuperior in thefe {ciences to Archimedes, 
Euclid, and Apollonius. in . 

Prato, who was the head and founder of the 
Academics, and who was without doubt the greateft 
and moft amiable philofopher ameng the Greeks, 
afferts, “ that fire and heat beget and govern 
ali things; where he defcends to particulars, he 
accounts for the animal functions, from an inter-~ 
texture of air and fire acting throughout the whole - 
frame of the body, To fire he afcribes the office 
of expanding within, and acting through the body 
outwards; while the element of air compreffes from 
without, and counteracts the force of the internal 
fire. By the minifiry of thefe caufes, and the im- 
poffibility of a vacuum, a perpetual circulation is, 
as it were, kept up through the motion of the lungs 
in infpiration and expiration. He imputes the 
effects, obfervable in amber and the loadftone, in 
gravitating and projecting bodies, to the action of 
the fame elements. For, in all thefe cafes, he ob- 
ferves, there is really no fuch thing as attraction ; 
but that the caufes already affigned will be found, 
by thofe who inquire diligently, to effec all thefe 
wonders of nature by their reciprocal impulfes. 

Jn another place, {peaking of the mediation 
of elementary fire and light, he fays, * Thefe are 
the fecoudary and co-operating caufis, which God 
makes ufc of as bis miners for the finifhing and 
perfecting of his work. Moft men look upon thefe 
as primary caufes of all things, inafmuch as they 
occafion heal and cold, can effect the cobefion and 
diffelution of bodies, and perform all other things. 

In the Timeus, he thews, by ftrong redfons, 
that “it is neceflary corporeal nature fhould be 
vifible and tangible; but that nothing can be vi- 
fible without fire, or tangible without fomething 
folid, and nothing folid without earth, Hence 

the 





24 Lectrurts on Narurat Purrosopuy, 


the Divinity compofed the body of the univerfe 
from fire and earth; but it is impoffible for two 
things alone to cohere together, without the in- 
tervention of a third; for a certain collective bond 
is neceflary in the middle of the two.” “ But 
folids are never harmonized togcther by one, ‘but 
always by two mediums. Hence the Divinity 
placed water and air in the middle of fire and 
earth, and fabricated them as much as poffible in 
the fame ratio to each other; fo that fire might be 
to air, as air to water; and that as air is to water, 
fo water might be to earth.” : 

« Water, when it lofes it’s fluidity by concre- 
tion, appears to become ftones and earth; but 
when liquified and difperfed, it forms vapour and 
air. Likewife air, when burnt up, becomes fre, 
And, on the contrary, fire becoming concrete and 
extinct, paffes again into the form of air,” &c. 
* And thus it appears they mutually confer on 
each other generation ina certain circular pro- 
greffion.” Again, “ Jt is neceffary to underfland 
that there are many kinds of fire, as for inftance, 
‘flame, and that which is kindled from flame, 
which burns indeed, but exhibits no light to the 
eyes, and which, when the flame is éxtinguifhed, 
abides in the ignited nature.” Again, “* This de- 
parture, of fire we denominate refrigeration ; but 
the coalition which takes place when fire is abfent, 
we call a concretion and a cold rigidity.” ‘ Fire 
entering intg the void {paces of water, as water 
into thofe of earth, influences water, in the fame 
manner as fire influences air, and becomes the 
caufes of liquifaction to a common body.” * From 
thefe paffages, which might be further illuftrared 
and confirmed, we find that the ancients were not 
ignorant of latent fire, or it’s operations, and that 

they 


* See Taylor's Tranflation of the Cratylus, Parmenides, and 
"Timaus of Plaig. : : 
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they difcovered, by obfervation and attention to 
firft principles, the principles,of mind, what mo. 
dern philofophers have involved in ob{curity, and 
everwhelmed with doubts. 

The ancient Platonifts divided nature into 
two parts, one of which was aéfive, the other pa/~ 
five, They held it impoffible for bodies to cobere, 
unlefs they were kept together by fome force, and 
it was neceffary this force fhould be exerted by 
fome matter. In diftinguifhing the feveral ufes 
of the elements, they attributed to air and fire the 
power of giving motion, and caufing effe@s; to 
earth and water, a paflivenefs or difpofition to re~ 
ceive their impreffion. ‘“ Heat and cold, accord 
ing to Ocellus Lucanus, the faculties of fire and 
air, are the caufes and efficients; the drynefs and 
moifture of the earth and water afford them ma- 
terials to work upon.” . 

Zeno, the leader of the Stoics, taught that 
“ nature was fupported by an elementary fire dif— 
fufed through all the parts of it; that there is no 
vacuity; the univerfe being fo compleicly united 
in itfelf, that there is a connection and harmony 
between things terreftrial and celeftial.” 

Hippocrates, whofe fentiments upon air I 
have already communicated to you, {peaking of: 
the element of fire, affirms, “that it difpofes all 
things in the body, after a manner proper and ac~ 
cording to the fimilitude of the univerfe, fo that 
fmall things are like to great, and great to fmall; 
that it is moft powerful, has an univerfal domi- 
nion, and governs all things according to the order 
of nature; while itfelf is filent, imperceptible in 
it’s operations, and in perpetual agitation.” This 
opinion will difcover to you the whole fecret of 
the Pagan idolatry. The corrupt philofophers of 
the heathen. world were well acquainted with the 
influence of thefe elements over all other things ; 

and 
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and being ignorant of the true and living God, 
judged it impoffible that air and fire could perform 
fuch wonders unlefs they were divine, and there. 
fore worfhipped them univerfally as immortal and 
intelligent, Thus alfo the Chaldaans filled all 
{pace with air, and what they called an all-nou- 
rifhing ether, to which they joined an intelligent 
and life-giving fire. ; 

The preceding Ledtures have fhewn you in 
what manner thefe invifible agents, which were 
deified by the ancients, are ufed by Divine Pro- 
yiprnce for carrying on the operations in nature: 
you have feen what great effects are produced there, 
in by the agfion of the elements on one another. 
Their nature, properties, powers, and effects, are 
the genuine objects of phy/iological inquiry,.and 
open fo large a fund of entertainment and im- 
pravement, that the fagacity of a Newton, if he 
were to live for a thoufand years, would never be 
able to exhauft. Already the knowledge of the 
natural agency of the elements has been produc- 
‘tive of confiderable improvements in arts and ma- 
nufactures. Indeed, no artificer can purfue his 
craft without feeing how neceflary the elements 
are to affift him in his works, and how infufficient 
manual labour would be without their concur- 
rence. Great things have been already performed, 
and much more may be effected when they are 
farther underftood and applied, Jr is a capital 
diftinifion between natural and artificial operations, 
that nature penetrates, while art flops at the furface, 
Hence, if you would work as nature works, you muft 
ufe the ageuts which nature ufes.* 

You muft alfo have obferved, that in attain- 
ing one fubject of knowledge, you acquired an 
imperfect information of others, concerning which 
you had no idea before. Hence one doubt is fel- 

: dom 
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dom folved without creating others. In your pro- 
grefs through fcience, you will often clearly ap= 
prehend what remains a myftery to others ; while, 
on the other hand, you will be involved in difi- 
culties they cannot difcern. 

It has been well obferved by Dr. Prieftley, 
that no philofophical inveftigation can be faid to, 
be completed, which leaves any thing unknown 
and dubious on the mind. But fuch is the necef- 
fary connection of all things in the fyftem of na- 
ture, that every difcovery brings to our view new 
objects of difquifition and inquiry. The greater 
the circle of light, the more extenfive is the boun- 
dary of darkneis. : 

As the Divine nature and the Divine works 
are infinite, you may promife yourfelves an end- 
lefs progrefs in the inveftigation; for the volume 
of the univerfe is perfect as it’s author, and con- 
tains mines of fruth for ever opening, fountains of 

ood for ever flowing, or an endlefs fucceffion of 
Brighter and more perfect exhibition of the power 
and wifdom of our great and glorious God.* But 
fuch being the volume of the univerfe, and fuch 
jt’s author, do not prefume to judge thereof, with 
equal folly and rafhnels, from a fingle page exhi+ 
bited to you, or to fuppofe that a little knowledge 
_ of philofophy, or the management of a philofo~ 
phical apparatus, can ever prove detrimental to 
religion, or injurious to our eftablifhed church ; 
fuch is not the language of piety and tearning, but 
the vapouring fpirit of vanity, and the delufive 
dictates of a felf-created importance. You muft 
well know, without any information from me, that 
the ableft advocates for free inquiry, and the 
greate{t promoters of experimental philofophy, 
have been and are members of that church, which 
has been lately told to tremble at an air-pump, or 
an 


* Hunter's Sermons on Divine Providence, 
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an electrical machine. Notwithftanding the felfifh 
and party view with which men too often culti~ 
vate the fields of fcience, you may ftill difcover, 
in every inftance of it’s progrefs, fome of the fteps 
of that vaft plan of Divine Providence, to which 
all things are converging; namely, the bringing 
all his creatures to a ftate of truth, goodnefs, and 
confequent happinefs; an end worthy of the beft 
and wifeft beings, and which we may perceive ta 
be gradually effecting, by the advancement of 
knowledge, the diffufion of liberty, and the re+ 
fmoval of error, that truth and virtue may at laft 
fhine forth in all the beauty of their native colours, 
Eternal love, flow as it may feem in it’s fteps te 
us of mortal race, is unwearied in it’s motions, 
and inexhaufted in it’s diftributions ; and as it can 
never ceafe to fhine, it fhould never fail to ani- 
mate you with it’s prefent influence, and the fub. 
lime and glorious profpect of it’s increafing ftrength 
and ever-growing {plendor. 
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JFIGURE 1, plates, isa perfpective view of a double-barreled 
A air:pump, according to the conftrd&ion of the Rev. Mr. 

Prince, of Maffachufet's States, America. The peculiar advane- 
tages and properties of this conftru@ion have been already ex- 
plained in the appendix to Lefture I]. Tite principles of the 
‘air-pump have alfo been, I hope, fufficiently elucidated in the 
Leétures on Air, fo that I have here only to defcribe the a pa- 
ratus delineated in the feveral plates of this rooms: of thefe, 
the air-pump is certainly a moft important inftruifent, not only 
‘from the entertainmient it affords, but alfo for the light it throws 
upon thisbranch of fcience. This figure reprefents the air-pump 
‘witlNareceiver on the plate, and barometer Gage, as ready for 
ufe ; Ay are two brals barrels in which the piltons move; the 
‘barrels, communicate with the receiver, placed on the plate of 
the pup by means of the pipe B, C, ad. canal D,E; the ttems 
‘or rods of the piftons are feen at F, Gs each of thefeis con+ 
nefed with a rack, that is, a piece having teeth on one fide. 
At Iithere is a wheel, whole teeth take into thofe of the 
rack; fo that by turning the handle H, fixed to the axis 
‘of this wheel, one way or ‘the other, the racks, and of courfe 
the piltons connefted with them, are alternately railed 
and depreffed, by which means the air will be exhaufled out of 
the receiver K, L, the tube B,C, and the canal 2D, E, which as 
they communicate with each other, may all be confidered as one 
vefiel, At the top of each barrel isa plate, on which is a box 
m,n, containing a collar of leathers; through this the cylindri- 
cal part of the pifton rod moves, air tight ; 0,0 is the place of 
the vaive on the top plate, into which a pipe is foldered that 
conveys the air from the valves to the duét going under the valve 
perp. PB reprefents the valve-pump, defigned to prevent the 
preletr« of the atmolphere from ating on the valve on the top- 
plate. Q is the pifton-rod of this pump, R the handle by which 
lteis wo:ked, ¥ is a cock to cut off occationally the communi« 
. tation between the receiver and the working parts of the pumps 
Mm: There 





332 Lectures on NATURAL Puttosopny 7 
There is a {crew at S, which clofes the orifice of the canal DE: © 
by unferewing this the air may be admitted when required. Z 
is an oil-veffel to receiv€ the oil driven over by the aétion of 
the pump, It may be proper to obferve here, that there fhould 
always be a {mall quantity of oil in the cups of the boxes m, n, 
that hold the collar of leathers through which the pifton rod - 
moves: abcis the barometer gage; de the box or ciitern con- 
taining the mercury; there isa divided box feale affixed to the 
tube to afcertain the-rife or fall of the mercury; a {mall ivory 
tube encompaffes the lower end of the glafs tube, and floats 
upon the quickfilver in the ciftern; the upper end of this is 
always to be brought to cdincide with the lower divifion of the 
box fcale; this it is made to do by the fcrew underneath the 
ciftern: when it thus coincides, the divifions on the fcale give 
the true diftance from thg furface of the mercury in the bafon. 

F is a key for vghtening or hoofening the {crews of the 

ump. : 
ij canee already in the appendix to Leture III explained: 
the principles on which this pump aéts, I have only to obferve 
here, that as when either pifton is down, there is a free com- 
munication from the receiver through the tubes and canal to the 

rt of the barrel above the pifton; when the pifton rifes, it 

forces out all ¢ne air above it through the valve in the top plate 3 
and as this valve prevents the air from returning into the barrel, 
when the pifton defcends, a vacuum is formed between it and 
the under furface of the top plate; as foon, theref =s the 

ifton has defcended below the holes communicatiag ‘(by the 
tubes and pipe) with the recciver, the air rufhes therefré m into 
the ahaa te barrel; on the next afcent of the pifton this air is 
forced out as before. To prevent the pifton from meeting any 
refiftance in it’s defcent, there is a valve therein to alloy: the 
air to _pafs through as the pifton defcends, but the air doe. not 
neceflarily depend upon a paffage through the pifton in order to 
get into the barrel: By this means the pifton defcends as eafily ~ 
as in any other conftruétion, while the valve therein does not 
impede the rarifattion, The valve-pump is, as has been before 
obferved, ufed to take off the preffure of the atmofphere from 
the valve on the top plate of the pump, and form a more per- 
fekt vacuum between this plate and the pifton, that nothing may” 
prevent this inftrument from exhaufting as far as it’s expanfiye 
power will permit. 

The Jarometer gage abc, which is ufed to meafure the ex- 
hauftion of the receiver, confifts of a tube (divided by a fcale 
annexed to it, of inches, and fraftional parts of an ine}, whofe 
higher orifice communicates with the receiver, the lower ifim- 
merled in a ciftern of mercury. % 

Before any exhauftion has taken place, the mercury in tRe 
tube and ciftern is upon the fame Icvel; and, after any number 
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2 
ef turnsof the pump, the air in the receiver and tube is equally 
rarified,’and the mercury will afcend in the tube till the weight : 
of the column above the furface of the mercury in the ciftern, 
and the elafticity of the air in the reGeiver, taken together, be 
equivalent to the weight of the atmofphere; and if the altitude 
of the column is equal to the ftandard altitude, the vacuum in 
the receiver, and that above the mercury in the barometer, are 
the fame. 

Fig. 11, plate 1, is a fyphon-gage, which is occafionally 
fubftitutcd for the barometer-gage. Fig, 12, plate 1, isthe pear 
gage, defcribed p. 116, i 

Fig. 4, 5» 6 7, 8, ave different kinds of valves. In fig. 4, 
the hole is covered with a piece of oiled filk, which is confined 
loofely to the top of the plate, fo as to be opened eafily by the 
air a€ting from beneath; fig. 5, 2 hemifphere of brafs, fittinga 
concave hemilphere; this has been oc lionally applied in pump 
work; fig. 6, aconical valve, this hes applied to the aire 
pump; fig. 7, is a flat piece of brafs tying over the holes, 
through which the water 1s to pals; it is preferved in it’s pofi- 
tion by the two fide pieces, or ears g, h, through which the 

ins ik pals; fig. 8, is the common water-valve, confifting of a 
plate and leather hinge. : 

Fig. 2, ea 1, gives us a view of the commyn table air-pump 5 
A, A, are the two barrels of brafs; thefe are STMnly retained in 
a perpendicular fituation to the {quare wooden table E F G.H, by 
the tranfverfe beam T, T, which is preffed upon them by the 
{crete O, at the top of the two pillars N, N: from the hole 
in thefcemer of the pump-plate, there is a perforation or canal 
in theprafs piece D to the fore part K, where a fcrew is fixed, 
to lef in air occafionally: from the above-mentioned canal 
therofis a perforation. at right angles to the former, going to the 

centfr of the bafis of each barrel ; at each of thefe centers a valve 
is pjaced opening upwards to admit the air into the barrels; 
thefé is a pifton, fo fitted to each barrel, that the air cannot pafs 
* petween it and the fides of the barrel; to each pifton there isa 
+valve opening upwards, that the air in the lower part of the 
(barrel may efcape through them into the common air; they are 
alfo connegfed to a rack, and: are raifed or depraffed by a handle, 
the lower part of which is fixed to the axis of a cog wheel, 
whofe ‘ecth take into the rack; one pifton is raifed, and the other 
depreffed, by the fame tum of the handie. 
Two barrels are advantageous, not only as performing the 
work quicker, but alfo becaufe the weight of the atmofphere, 
prefling upon the rifing pifton, is counter-ballanced by the fame 


weightpre (ng upon the other pifton defcending. 
have fhewn you in the Lefures on Air, that the operation 





{tons is drawn upwards, a vacuum is left behind it, and the 
Mm 4 preflure. 


Hon depends on the elaftictty thereof, When eithér of the 
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preffure being thus removed from the valve in the faa of 
the barrels. this valve will be opened by the elafliaty of the 
air in the receiver, and the air, rufhing, through it, will be uni- 
formly.diffufed through the receiver, the canal conne@ing this 
with the lower valve and threugh the betrel, But upon de- 
prefling the pifton, the valve at the bottom of the bayrel will be 
clofed. and the air therein being condenfed, will-open the 
valve in the pifton and efcape; thus the air contained in the 
barre! 1s difcharged, and, by every turn of the winch, a quan- 
tity of air equal to the contents of the barrel, and equally denfe 
with that in the receivers, is exna-fted 
Behind the large receiver LM there is a {mall plate for 
fuftaining a {mall receiver PO; from the hole at. the center of 
this plate there 1s a canal communicating with. that which goes 
from the large receiver to the barrels; under the receiver is a 
{mall bottle containing mercury, a {mail tube filled with mer- 
cury, and freed fromatr, and inverted with the open end in, 
the mercury: this is,called the fort baromiter-gaze. As the air 
is taken aut of the ricciver PO, at the lame time as it is taken 
from the larger onesL M, the defcent of the mercury in the tube 
will point out the degree of rarifaétion in the receivers; the 
mercury does not begin to defcend in this tube till near three 
fourths ofthe ai; have been extraéted; and the air is faid ta be as, 
many times raver than the atmofphere as the column of mercury, 
fuftained in this tube, is lefs than the height;, the mercury ftands 
at that time in a common barometer. 
- Fig. 3, plate 1, is a {mall pump with a ba! ay 
two plates, one for receivers, the other for a thor oan Omerer= 
gage. This.pump aéts upon the fame principle as the «ine taft 
defcribed, and is conftru€ted in the fame manner, excepti.rg that 
it has orly one barrel, and, that the pifton is moved mer'aly by 
the hand ; a defcription thereof mutt be fuperfluous. 1 
Fig. 16, plate 1, reprefents a, piate with a box, contain: nga. 
collar of leathers, and a wire adapted to flide through chis. 
collar. . 
Thave thewn, p. 191, that when accuracy is required, the- 
receiver fhould not be placed upon leather, either oiled or ~ 
foaked in water, I would here add, that in all cafes it is better 
to rub the edge of the receiver with a tallow candle, letting the- 
tallow be nearly as thick as a fhilling thereon, I:think, that. 
upon the whole, this method is lefs dirty and difagreeable thay 

’ that of ufing oiled leathers; for itis eafy, on removing the re- 
ceivers, to place them on a fheet of paper till they have beea 
cleared. . 

With refpe& to the leathers ufed to accommodate the re- 
ceivers to the plate of the pump, and make the. junttiobsair- 
tight, thev are cither foaked in water or oil, or ina mixture of 
bees-wax and hog’s lard, Either foaked leathers or tallow ane 


toy 
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to be plized wherever a plate is fitted on a receiver, or in any 

cafe where two pieces are to be joined together and rendered 

air-tight. > 

ExperIMENTS TO sHEW THE EXPANSIVE Powzk OR 
F ELASTICITY OF THE AIR. 


Take a bladder and prefs the air out of it, then tie the neck 
clofe, and fufpend the bladder under a receiver, place the re- 
ceiver on the plate of the pump, exhauft it, and the bladder 
will be expanded and blown up by the fpring of the {mall refi- 
duum of air: on admitting the air, the bladder will fhrink into it’s 
former fhape. A bladder thus expanded, after the air is with- 
drawn, is reprefented fig. 10, plate 3. 

Two experiments are generally made with the apparatus 
called a balt-head and jar, fig. 28, plata 1; it confifts of a glals 
ball A, of about an inch diameter, with a fem from 3 to 4 
or 5 inches in length, and a {mall bottle or jar B, filled about 
two thirds with water. in 

Place this apparatus on the pump, and cover it with a 
receiver, exhauft the air, and the preffure thereof will be re+ 
moved from the furface of the water in the ani the air in. 
the bolt-head, having nothing to countera@ it'sexertions, ¢x~ 

ands and efcapes through the water in the form of large round 
feeb of air, Let the air into the receiver, and it’s preflure 
ortthe furface of water will force this into the bolt-head, for as 
the gre;m.part of the air was taken away, the {pring of the re+ 
maindgr was weakened; it therefore yields to the com- 
reij.g force of the external air aéting on the water, and fuffers 
it toyenter till it is {a far comprefled as to be equally denfe with 
theyexternal air, and capable of exerting the fame degree of 
cla‘ticity. The bulk of this bubble of air, compared with the 
by of the bolt-head, fhews what portion of the whole quan- 
fity of air remained after exhauftion, 

Fill the bolt-head almoft full of water, leaving only a very 
{mall bubble of air; then inverting it, immerge the {tem in the 
bottle of water, and place the whole under a Feceiver: on €x+ 
hauttion, the {mall bubble of air willexpand itlelf, and force all 
the water out of the bolt-head ; the preffure of the air by which 
the water is retained in the bolt-head being removed, the {pring 
of the air exerts itfelf, and expels all the water. 

We have another inftance of the elaftic force of the airy 
and it’s action, when freed from incumbent preffure, by the 
expanfion of the bubble contained in the great end of an egg- 
baywéen the fkin and the fhell; for on making a {mall hole in 

Be little end, and inverting it in a glafs, the bubble of air will. 
force out the contents of the egg through the {mall hole in.tha: 
e ower end. 


Mm 4 Break 
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Break off evenly about one third part of the aight atthe ~ 
fmall end of an egg, and let out the white and yolk ; syou will 
then perceive at the bottom, the bubble of air that lied"between 
the fkin and the fhell; fas the egg on a {mail glafs, place this 
upon the plate of the pump, and a receiver over beth; then 
‘exhauft the air, and the air in the thell will fo expard itfelf as 
to raife up the fkin, fill the fhell, and make it refemble an en- 
tire egg. This will fucceed only when the egg is new, for the 
elafticity is deftroyed when the egg is ftale, 

Take a {mall {quare glafs bottle whofe fides are very thin, 
but whofe mouth is fo clofed by a cork covered with wax, that 
no air from within can efcape; put it under a receiver, and then 
exhauft the air therefrom, and the fpring of the ait within, not 
being counteraéied by any external force, will expand itfelf with 
fuch force as to overcome the fides, and burft the bottle in pieces, 
In making this experiment, you fhould place a piece of thick 
paper or leather on thesplate of the pump, to prevent it’s being 
injured, fig. 2, plate 9° If the fame experiment be made with 
the botile and a cage (over it, under water, the fhock will be fo 
great asto fhake the whole pump. . 

Fig. 13. plate“1, reprefents a glafs veffel, over one end of 
which a bladder has been tied ; it is placed on the plate of the 
pump witha rece/vei over it; when the air is drawn out of the 
receiver, the {wing of that included in the veffels ftretches the 
bladder fo as to burit itin pieces. The bladder uled in this ex- 
perimént fhould be thin, 

Plate 2, fig. 6, isa number of heavy leaden bs a 
fteady by means of a brais frame with three pillars “ales prefs 
upon 2 bladder half blown, and placed under them; this apperatus 
is to be put on the pump with a receiver over it; on exhaufting 
the air, the expanfion of that in the bladder gradually “raifes, the 
weights ; on admitting the air, the bladder fhrinks, and \the 
weights defcend to their original fituation, aa 


On rHE Sprinc OF THE Air IN THE Pores oF BoDIESs: 


Place a fhrivelled apple on the plate of the pump, fet a re- 
ceiver over it, and exhauft the air; this will give liberty to that 
which is within the pores of the apple to expand, and {well out 
the fkin, removing 1t’s fhrivelled appearance: on letting in the 
air, it reaflumes it’s former ftate of decay. 

Fix forne lead to a piece of cork, fo as juft to fink it in 
water; when thts is placed under an exhaufted receiver, the air 
in the pores of the cork expands {o as to {well it, and thus render 
it lighter than water, and 1 confeqnently rifes to eo ey 
fwims: on the re-admiffion of the external air, the cork is pre. 
fed down and finks again; the globules of air that ftand upoQ 
the furface of the cork afford a pleafing fight, they appear se 

. the ~ 
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on 
the peiXly drops of dew on the piles of grafs; they difappear on 
‘Jetting wm the air. 7 

Puéfome beer or ale into a tumbler, and place it under a 
receiver.on the plate of the pump ; in working the inftrument, 
the air ia the beer will expand itfelf, and rife up to the top of 
the jar iii a large white head of froth: this frothy appearance is 
occafioned by the tenacity of the fluid, which prevents the 
bubbles of air from efcaping as foon as they rife; when the air 
is re-admitted, the air-bubbles contra& and fubfide, On tafting 
the beer, you will find it has loft all it’s fpirit. 

In the fame manner, if warm wate be placed under a 
receiver, on exhaufting the air an ebullition will take place ; 
{mall air-bubbles will firft rife; thefe will foon be fucceeded by 
larger ones, moving with fuch rapidity as to agitate the water, 
and give it all the appearance of boiling. 

If you put an egg into a tumbler of water under a receiver, 
on exhauftion, you will {ee the air in a very beautiful manner 
rife in {mall jets through the water frota the pores of the egg. 
The fame appearances may be pleafingly obferved with other, 
fubftances, as moft vegetables, or a piece ef wood of any fort, 
when immerfed in a jar of water under a reteiver, 1 

Fig: 8, plate 2, reprefents a fountain that is made to a& by 
the fpring of the included air. It confifis Gf a bottle part! 
filled with water, the upper part is occupied vy the air whic 
cannot efcape, as the cover is air-tight; ag ‘als tube, long enough 
to reach nearly to the bottom, is cemented to the brals covers 
thexs,js a {mall hole in the cover dire€tly over the bore of the 
tia bottle is placed on the plate of the pump witha 
receixer over it. When the external preffure is leffened,’ the 
included air will fo prefs on the furface of the water as to 
forgs it through the glafs tube and hole in the cover, from 
wHnce it will rife in a pleafing jet of water. ‘ 

Fig. 3, plate 2, is another apparatus for the fame experi- 

int; but here the water is prevented from falling on the pump 
// plate, by means of the glafs cover ab; a {mall hole is drilled in 
’ this cover to permit the efcape of the air, : 

Fig. 2, plate 2, isa fmall apparatus acting upon the fame 
principles, and defigned to illuftrate the fame phenomenon; 
the cafk is nearly filled with coloured water, on the top of the 
cafk is ahead, from the mouth a glafs tube proceeds, pafling 
through the cafk, and terminating a fmall diftance from the 
bottom; there is another tube from the neck which proceeds 
downwards, and enters a {mail way into the barrel; when this 
is placed under a receiver, and the air exhaufted, the {pring of 
the ajgepsefling on the water, forces it up the tube through the 
ng@tth, from whence it defcends by the’ other tube into the 

aon "fo render this’more entertaining, a bladder is tied 
nder the neck with only a {mall quantity of air therein; this 
is 
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is covered with a fmall fhirt; when the preffure of the air ig 
removed, the bladder expands and fwelts out the thirt? which, 
fo an ordinary obferver, feems occafioned by the fiquer drank 
by our Bacchus, 7 it 

Fig. 11, plate 3, is an apparatus defigned to thew: that the 
ipring of the atr ats with a force equal to the preffure of the air, 
by raifing a column of Mercury to the fame height. A is a 
battle, nearly filled with quickfilver; RC a tube on which a 
{crew is cemented, to ferew into the tap-part of the bottle, the 
Jower part of the tube defcending nearly to the bottom thereof; 
DFE isa receiver and large tube to go over this apparatus, 
when the whole is placed on the pump-plate. You will per- 
ceive, in proportion as you exhauft the air, that the mercury 
rifes in the tube by the (pring of the included air, till it attains 
the fame height as the mercury in the barometer ; thus proving 
that the fpring of the air aperates with the fame force as the 
preffure, h 
In the jar under/the receiver, fig. 13, plate 2, are repre. 
ented two hollow glaYs images, with {malt balloons of glals over 
their heads; thefe gre fo far filled with water as to make them 
fink therein; on exWaufting the air, they rife to the top and fwim; 
part of the balloorSis occupied by air, which expands on the 
removal of the eyierntl preffure, and dtives out part of the 
water, by which means the images and balloon are rendered, 
lighterthan the water, and rife accordingly; on re-admitting 
the air, the water re-enters, and they fink as before, 

In the fame manner, a bladder nearty emptied of ond 
funk by a fmalt weight to the bottom of ajar of tery, will, 
upon exhaullion, expand, become fpecifically lighter, ne ta 
the top, and fwim, q 

* Fig. q, plate g, reprefents what is ufually, but very im yo. 
perly, called the lungs-glafs, A bigdder is tied round a fo yall 
pipe from the cover; when this apparatus is placed undei.a 
seceiver, and the air partly withdrawn from the bladder through | 
the hole at a, the {pring of the furrounding air in the bottle, 
which cannot efcape, compreffes the bladder; when the air is 
let in, the bladder expatids; and thefe motiong have been {ups 
poled analogous te thofe of the lungs, 


EXPERIMENTS ON THE Pressure OF THE Agr, 


Place the brafs cone on the plate of the pump, and cover it 
with the hand, then eshauft the air from it, and by this means, 
the counter-ballance being removed from below, the air will prefs 
upon the hand witha vaft weight, and a confiderable Spy og 
palm will be forced into the glafs, and thus occafion a fenfatioty, 
of fucking. Now as the other parts of the hand havea greater” 


pseflurg, 
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prefitxe on them than that part which is under the receiver, and 
expofes tothe vacuum, the fluids in the body will be driven to- 

. wardstthe part under the glafs, and caufe this part to fwell and 
be ftretyhed out ; but this is alfo incteafed by the elafticity of the 
air conéained in the fleth, which will expand and diftend the 
fleth wlien the external preflure is removed. 

Picea receiver on the plate of the air-pump, exhauft the 
air from it, and the receiver will be fo preffed down againft the 

late by the external air, that it will be exceedingly difficult to 
ya it from the plate of the pump without re-admitting the 
air; this will not appear furprizing when we confider that the 
glals is preffed down with a force equal to as many times fifteen 
pounds as there are {quare inches which are covered by the 
opening at the bottom of the receiver. 

To prove that the receiver is held down by the preflure of 
the air on it’s external furface, and not by any fution, in fig, 
37, plate 1, you have an apparatus reprefented, which is de. 
figned to prove that the receivers, &cAare not confined to the 
pump-plate by fu&ion, but by external preffure, To effeét this, 
the air is irft exhaufted from the two xeceivers, you then les 
down the {mall receiver upon the plate, By means of the wire 
pafling through a collar of leathers, whga it will be loofe and 
eafily removed, but on letting the air inzapidly it falls upon the 
{mali receiver, and fixes it upon the plate. * i. 

tp. 14, plate 1, is called.the bladder-glafs. A bladder is 
tied over the upper end, the under end is placed on the plate 
pia Saat by exhaufting the air, the {pring of the internal 
air » wyekened, the bladder, yielding to the external preffure, 
Pputson a concave figure, and this increafes till the firength of 
they nladder is overcome by the incumbent weight, when i 
byfis wits a very great report, . 

fi og. 45, plate 4, reprefents a piece of thin flat window glafs, 
ced upon a brafs cone, and {ct on the plate of the pump; 
 exhaulting the air, the glafs will be broke to pieces, like the 

/. blauder in the preceding experiment. 

‘ Fig. 2, plate 3, fhews the mode of breaking a thin fquare 
giafs bottle by the preffure of the air; on the top of the bottle is 
a vaive, that, when the air has bcen extraéted, it may not returns 
the bottle is placed on the plate of the pump, over it is a wire 
cages this is covered with a receiver; the air is firft to be ex- 
haufted, and then, fuddenly admitted, when it’s preflure will 
break the bottle, reducing it inftantly into very {mall pieces, 

Fig. 20, plate 1, is Otto Guerick’s hemifpheres, one placed 
on the other; the joint is rendered ais-tight by a wet leather 

dbetween them, or by a luting of tallow; the {crew Ais to 

crewed into the hole at the center ofthe pump-plate, and the 

_gtop-cock placed as reprefented in the figure, that there may be 

a free communication between the hemifpheres and the barrels of 

the 
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the inftruments; exhauft the hemifpheres; then bo the 
cock to fhut out the communication with the open air ;! swhen it’ 
is taken off, unfcrew it from the pump, and you wil¥find the 
hemifpheres are preffed together with a very extrdprdinary 
force, a forcg equal to 151b. for every fquare inch this of. 
courfe is moie or lefs according to their diameter, -T$ invefti- 
gate this by experiment, you may make ufe of a ftreng fteel~ 
yard, fee fig. 19, plaie 1. It is ufual to ftate the preflure at 15lb. 
fora fquare inch. If the diameter be four inches, the area ia 
12.55 {quare inches, which multiplied by 15, gives about 188 1b, 
_ The exhaufted hemifpheres will fall alunder of themfelvee 
in vacuo, 

Fig. 9, plate 1, is a folid fyringe, that is, one which has no 
hole at betiom; a heavy leaden weight is fixed to the boitom 
of the fyringe: if the weight be drawn down in the open air, 
it will be forcibly driven back by the upward preflure of the 
air; but in vacuo, where this preffure is removed, it will de- 
fcend. I'he handle of fhe piften is to be fufpended from the 
hook belonging to the plate with a collar of leathe?s. 

‘ Fig. 22, plate 1, ,eprefents the apparatus defigned to thew, 
that water rifes in amine by the preffure of the atr. The part 
AB, is the model #£ the working part of a common pump ; at 
the lower part of /thivis a brals plate to reft upon the receiver 
Cy; from tho center ‘of this plate there is a glafs tube which 
@ofcends into the jar of water when the model is worked ; bes 
fore the air is exhaufted the water flows freely from the {pout , 
but when the air is well extrated none can oe obtained t BYre 

Fig, 21, plate 1, defigns of the common and forcig kmp. 

Fig. 12, plate 2, reprefents what is called a transfert 5 it 
is fixedtothe pump-plate by means of the {crew B. f re« 
ceiver is placed on the plate of the transferer, and may betx- 
haufted, by turning the cock C, fo as to open the communicat bn 
berween it and the cump; when exhauited, it may be remov'd 
from the purnp by turning the cock at right angles to it’s for 
mer fitualion, to prevent any communication with the open \ 
air when it is removed. To make, with this apparatus, ~ 
an artificial fountain in vacuo by the preffure of the air; place 
a tall receiver onthe transferer, exhau(t it, and remove the 
transferer from the pump. fcrew the pipe to the lower part of 
the transferer, immerge this pipe in water, turn the cock, ang 
the preffure of the air will throw the water up into the receiver 
in the form of a fountain. 

To prove that the mercury in the barometer is fuftained, 
uf the apparatus fig. 14, pl. 3, already delcribed; with this 
difference, that the fmaller tube that enters into the Soe 
open at top in the former cafe; but in this it is hermetica™ 
fealed ; there the tube was empty, here itis a barometer con 
taining the mercury landing in itatthe proper height for the time 
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the lower end of the tube being immerged in the mercury in 
the born, place the apparatus on the pump; on exhaufting'the 
air, theyinercury will graduatly defcend till it ison a level with 
the merdiry in the bafon ; for as the deniity. of the air diminithes, 
the elaftivity decreafes, and confequently the force which fup- 
ported tae mercury decreafes. On re-admitting the air, the 
mercury rifes to it’s former height. 

Fig. 11, pl. 3, reprefents what is called the double transferer. 
This has been fufficiently deferibed in page 15. Screw the end _ 
of the pipe of the double transterers into the hole of the pump- 
pis ‘and turn the three cocks, that the communication may 

¢ opened between all the three pipes, E, F, D D, and the trunk 5 
cover the plates with leathers which have holes at their centers, 
place a clofe receiver upon one plate, then fhut the communica- 
tion between the pipe F, by turning wthe cock, and exhauft the 
receiver ; then turn the cock d to fhut out the communication 
with the air, and unfcrew the apparatut from the pump, and 
{crew jt on it’s wooden foot; then put a receiver upon the other 

late, this receiver will continue loofe on the plate as long as 
it keeps full of air, which it will do untilhe cock be turned 
again to open the communication between th: pipes and through 
the tube; and then the air in the receives having nothing to at 
againtt it’s fpring, will flow until it isto divided»ectweer the 
receivers as to become of equal denfity in both, and they_will be 
held down with equal forces to their plates by. the incumbent 
prefure of the atmofphere ; though each receiver will be kept 
dowry w.th only bali the force that preffed upon the firt, when 
it was exhaufted of air, becaufe it has now one half the common 
air Which filled the other recciver, when it was fet upon the 
plae; and therefore a force equal to half the force of the {pring 
ofythe common air, will a€t within the receivers againit the’ 
vas preffure of the atmofphere on the outlide. 


MIscELLANEOUS EXPERIMENTS. 


Seta clean receiver upon the plate of the pump, and begin 
to exhauft it ; then hold a candle to the fide of the receiver op= 
pofite to your eye, feveral colours like a halw will appear about 
the candle; thefe colours are perceived at the beginning of the 
exhauftion ; the appearance is occafioned by the vapour which 
rifes from the wet leathers, and the refraftion of the light through 
thefe vapours. 

Fig. 5, pl. 3, reprefents the pipe for burnt air ; place this 
onthe top of an open receiver, and exhauft the air as ufuat 3. 
perbiite the end of the pipe in the middle of a charcoal fire; 

open the cock ; the deleterious air from the charcoal will 
i¢iven pals through the pipe into the receiver: remove the pipé 

from the receiver, and let a fmall piece of wax taper down into 
it, which will immediately go out. 


Place 
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Place a candle lighted under a tall receiver ; on exh®ufting 
the air, the candle will go out, and the flame will afcentto the 
receiver. m ¥ 

The flame would be foon extinguifhed in a clofe #.ceivery 
though the air is not exhaufted. € 

The {mall apparatus, fig. 6, pl. 3, is to be placed onthe top 
ofa tall receiver, and a red-hot iron laid ona ftand upon the 
pump plate ; exhauft the air, and then let fall a few grains of 
gunpowder on the iron, where it will melt and diffolve, but not 
flath and explode: thereceiver fhould be again exhaufted before 
any more grains of powder are Jet down, 

AB, fig.9, pl. 2, is a ballance, to one end of which is fuf- 
pended a piece of lead which is in equilibrio with a piece of cork 
at the other end of the beam. Place the beam and ftand under 
areceiver, and having exhaufted the air, the cork will prepon+ 
derate; foras it’s bulk is greater than that of the piece of lead, 
it muft be more [uftained by the air: re-admit the air, and the 
equilibrium is reftored, 

For as bodies which are immerged in fluids are known to 
lofe a part of their weight, equal to the weight of a quantity -of 
the fluid of the fame oulk with the immerged body, confequent- 
ly bodies of different fpecific gravities, which are in equilibrio 
in “din, witteot-be fo iil vacuo; for here they wiil gain that 
weight which they loft in air, and the body of the greateft bulk: 
will gain the moft, 3 

Fig. 10, pl. 2, is a more elegant apparatus for the (ne 
purpofe, ar 

Fig, 10, pl. g, reprefents the guinea and feather « spa 
ratus. 

“When the air is exhaufted from the receiver, turn the mi: ‘ed 
nut, and the piece of gold, and the feather which lay upoa t ve 
piece underneath, will fall at the fame inftant, and defcendint. 2 
fame time to the bottom. 7 

The eye of the obferver fhould be fixed to the bottem of 
the receiver, to afcertain accurately the coincidence of defcent 
in the two bodies, 

From this experiment it is inferred, that bodies are attraéted 
towards the earth with forces which are in proportion to the 

uantity of matter they contain, but not to their bulk ; for if we 
tigate a guinea to contain 1000 times more matter than the 
feather, it will require 1000 times more force than the feather 
to move it through the {ame {pate in the fame time. 

Put two or three finall pieces of phofphorus in an equal 
but fmall quantity of a mixture of oil of vitriol, off e&tartar 
per deliquium, and oil of cloves ; th's mixture will flame in tir” 
Open air, but is eafily put out with a litle water: it fhincs, boils, . 
and flames in vacuo. 

Write 
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‘W jte upon paper with folid phofphorus, and then lay it on 
the plat! of the pump with another piece of paper under it, 
place a \ ceiver over thefe and exhauft the air, the phofphorus 
will gradually brighten in a dark roof, and throw up a lucid 
loud to'he top of the receiver. 

Fig,'1g, pl. 2, is a common bell apparatus for thewirg that 
airis a medium of found. Fig. 16, a more elegant apparatus for 
the famé purpole, as it is fet in aftion only by pileng up the 
wire that paffes through the collar of leathers. 

Pl. 4, fig. 21, illuftrates the fiature of ethoes, See 
page 78. 

Fig. 5, 6,7, 8, 9,10, plate 4, are defigned to illuftrate the 
totion of mufical firings, See page 181: ; 

F. 14, pl. 4, repreléntsafyphons Fig. 20, pl.g, Tantalus’s 
cup. See page 943 955 7 ; 

Fig: 2, pl 4, is to explain the caufe of intermitting {prings. 
Bee page 96. Fig. 4, pl. 4, an apparatus for the fame purpols. 
See page 97. 

ig. 1, pl. 4, a bent tube to illuftrate the laws of the air’s . 

tlafticity. See page 51. 

* Fig. 3, pl. 4, for experiments on the ravifation of the air 
by heat. See page 66 and 67. “ 

Fig, 8, pl. 3, reprefents the apparttus for weighing air. 
It cons of a anu copper veffel By a beatratiecpand a 
fland for the beam. ‘To exhautt this veffel, unfcrew the cap 
D, then fctew that end of the veffel to the hole in the pump-plate, 
work ump till you find by the gage that the air is extracted ; 
you npry then unfcrew the veflel, put on it’s cap, and fulpend it 
to thebeam. The difference between the weight of the veflel now 
and hefore it was exhaufted, gives the weight of the air it con- 
tair;, The air cannot re-enter when the veffel is taken from the 
pooeee becaufe there is a valve at the upper part. 

ig. 7, pl. 3, reprefents the mode of ftopping a bottle in 
cud. 

Fig. 21, pl. 3, reprefents an apparatus for letting any pow- 
“© der or liquid into a veffel after it has been exhaufted. 

Fig. 22, pl. 3, an apparatus for mixing different fluids in 
vacuo. . 

‘Thegpature and ufe of the three foregoing articles may be fo 
eafily conceived from the refpeétive figures, as to render a de+ 
fcription unneceflary: 

Fig. 14)pl. 2, isa transferer and receiver, placed on a large 
receiver, in order to produce a vacuum fuddenly ; for this purpole 
the-under one isto be exhaufted, you then turn the cock, and 
peel rufhing out of the {mall receiver, will be confiderabl yx 
ay fuddenly rarified ; the degrec of rarifa@tion will be in pro- 

gontion to the difference between the capacities of the two re- 

) SCiverss 
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Conpensine MACHINE, 

Fig. 1, pl. 2, reprefents a condenfing machine, or ixdtrument 
to comprefs the air. AB is a ftrong glafs receiver, fit to re- 
ceive and bear the preffure of the air when confiderdbly con~ 
denfed. C Dis the fyringe by which the air is thrown into the 
receiver: to work this you pull up the pifton above the hole, 
which admits the air to enter and fill the barrel of the fyringe ; 
the pifton being preffed down, forces the air through a valve 
at the bottom of the barrel, from whence it pafles up the tube into 
the receiver, but cannot return on account of a valve at the bot- 
tom of the barrel. Eis the gage, which confiftsof a glafs tube 
open towards the tube FG, but hermetically fealed at the other 
end. A fmall quantity of quickfilver is left in this tube, which 
is preffed towards the fealed end on every admiffion of air, 
and therefore determines by the proportion between it’s original 
diftance from F, and the diftance when in a ftate of com- 
preffion, the proportional denfity of the included air to that of 
common air; for ag the air prefles the quickfilver forwards, it 
shews the refiftancesof the included air, whofe denfity is always 
inverlely as the {pace ixo0ccupies ; the receiver is confined down 
to the gitvnthe traniverfe piece G H, which is maintained in 
it's fitwation by the {crews I K LM; isa thick brafs plate to 
cover the top of the receiver ; it is furnifhed with a wire pafling 
through a collar of leathers. Acage is fometimes Paces over 
the receiver to prevent any accident, if the glafs {ho: qpurnt 
by the receiver. 

Fig. +3, pl. 3, is the view of a fountain which ‘is ma¥e to 
a&t by condenfed air; there is a pipe which defcends almo 
the bottom of the velfel, the veffel is to be nearly filled with Ya- 
ter, then the ftop-cock and pipe arg to be {crewed into thi 
place, and the fyringe {crewed on the ftop-cock ; by this yo> 
charge the veflel with air: then turn the cock, remove the fy- 
ringe, and place either of the jets thereon, The fountain is often 
furnifhed with a bafon to receive the wafte water. 

Fig. 19, is an agreeable jet that fupports a ball on the top, 
dancing on the crown of the jet. Fig. 15 is a jet frogy which 
the water fpouts, fo as to form a kind of fluted column. Fig. 12, 
14, 16, are jets of different forms. On the top of the fountain 
ds placed a jet in the form of a crofs, the lower part {crews to the 
fountain, the upper part has eight jets, a, b, c, d, ¢, f, g, h. 
The jets a, b, fpout horizontally ; the jets c, d, vertically up- 
wards ; thereby forming two fquares, one on each eens 
upper part of the crofs, and meeting each other in a point, 
which point the vertical jet is prevented from mounting highé 
by the aétlon of the horizontal jet, while this is alfo prevented 


from proceeding horizontally by. the a€tion of ihe vertical ares 
= 






Se 
Lecrurss on Narurat Purrosopny, $4 


that the Stream affumes a different dire&tion, at firft intermediate, 
but aftertyards falls into a h seleiratad curve. The fame may be 
Said of thie other vertical an horizontal jets. Fig. 5, pl. 2, foun. 
tain of toamand, deferibed page 21. Fg. 4, pl. 2, the anti-gugeler, . 
defcribed' page 22. Fig. 3, pl. 2, a double funnel ; it is u ually 
made of tin doubled; itis firft to be filled to the brim with wa- 
ter, flopping the end of the pipe with the finget ; the fluid rifes 
at the fame ume into the vacancy or hollow between the plates; 
the air included in the vacancy paffing through a hole which ig 
generally concealed under the handle, this muft be ftopped 
when the machine is full, and continued fo till you think £t to 
diffolve the charm, and fet the water confined therein at liberty 
by removing the finger, 

Fig. 21, pl. 1, reprefents models of the common houfe and - 
forcing pumps: thefe are fufficiently defcribed Page go. Fig. t 
and mpl 5s r. Smeaton’s Pyrometer, fully detcribed page 
R2) Ce 

mt Fig. 3, pl. 5, the Rev. Mr. Wm. Jones's Pyroftatica) in. 
ftrument,to thew the force of ee pentions A, is a bar of brafs o¢ 
iron placed vertically between the tops of the frame dy d, d, d, 
and the fhorter arm of the lever L; the reft of the inftrument is a 
compound fteelyard ; a {mall weight at Y, sounteradting a cons 
fiderable force at X, the motion of the fhorter atm is tendered 
very fenfible by the deal rod. Fig. B,a box toa he bat 
A to boiling water. Fig. 5, acircular heater and ftand fowexpe- 
riments in vacuo. Fig, E, an iron heater. Fig, C, a veffel for 
weighing the force of froft, Fig. D, an occafional lever when 
the veffel i: yfed, 

Fig. 4, pl. 5, a thermometer, 

Fg. 5, pl. 5, an eolipile placed on 2 {mall Carriage. See 
Page “92. : : . 
Vig. 6, pl. §, reprefents rene digefler. A,B, C, D, the 
copper veffel; AB, the cover ‘aftened down by the {crews} at 
Py the conical valve, which is kept down by the fteelyard, 
> H, and it’s moveable weight. See age 290. 
a Fig. 7, pl. 5, is a {mall joftrament for illuftrating the nature 
; OF evaporation and ebullition,, See Page 314. See page 316 for 
“an account of this inftrument, Fig. 9, pl. 5, the fame mounted 
ia a different manner, 
Fig. 8, pl. 5, the mode of mounting large burning lenfes, See 
Page 393- . ; . , 

n plate 4, Mr. Lavoifier’s calorimeter is reprefented in per- 
fective at fig. 12. It’s interior fruure is feen fig. 13 and 14, the 
former being a vertical, the latteran horizontal feétion. 66,6 fg. 
13, the interior cavity, inte which the fubftances are put. b, b, 
bwb, fig.1g and 14, the middle ‘cavity to contain the ice 
whith is to be melted ; this is fupported by the grate m, m, 
taader which is placed the fieve n,n, Thefe two are feen fe. 

* puratZly at fig..15 and 16, In Proportion as the ice is melted, ~ 

Voul, Na the 


sy6 Lecrures on Naturar PuiLosopry, 
6. 

the water runs into the conical funnel c,c, d, fig. 133; this water 
may be retained or let out at pleafure by ‘the fop-cock u, ys 
The external cavity a,a, a, a, fig. 14°and 15, is filled Me ice to 
prevent any effe€t from qxternal heat on the ice in (he cavity 
b, b, b, b, Fig. 17, the lid to cover the machine, Thepfubflances 
to be operated on are placed ia the thin iron bucket, fig, 18, the 
cover of which has an opening fitted with a cork, into which a 
fmall thermometer is fixed. When acids are ufed, they are put 
into a glafs veffel, as fig. 19, which has alfo a thermometer fitted 
to it’sneck, Fig. 2: is the interior cavity, Fig, 22, the lid 
to ditto. See page 253, 


AvPARATUS FoR Exastic Fuiurps. 


The tub or trough, fig. 1, pl. 6, is fufficient for every ope- 
ration that can be performed with water; attheend A B of the 
tub is a fhelf. The receivers, jars, &c. are to be filled firft with 
water in thedcep part; and then being turned with their mouths 
downwards, are to be placed upori the fhelf. The water in the 
tub is always to be about half an inch or more above the fhelf. 
ais afmall phial, into the neck of which is fitted a bent tube 7 
the end of the tube that fits the bottle is ground fo as to be & 
complete {topple ; the elaftic fluid generated by any procefs in 
the phial, paffes through the tube, and rifing up into the jar, 
drives eat esewater; by this means you fill ajar with fucha 
quanty of air as will be convenient for your experiments. 

Fig. 3, pl. 6, reprefents a marble trough for operating with 
mercury. Fig. 4, is a {eétion of the trough, with a recciver 
flanding in it’s place. f, f, f, meafures which have a‘known 
proportion to each other ; g, g, g, are graduated tubes for eudio- 
metrical experiments, 7 

* Dr. Prieftley fays, the moft accurate manner of procuring 
air from many fubftances by heat, is to put them, if they will bear 
it, into fuch phials as a, a, a, full of quickfilver, with at 
mouths immerfed in the fame fluid, and then throw the focus 
a burning mirror upon them : for this purpofe, the bottoms\, 
thould be thin. that they may not be liable to break on a fudden \ 
application of heat. 7 

Fiz. 4, pl. 6,@ common glafs phial, with a ground ftopple 
having many holesin it. This is ufeful for conveying any fluid 
or air contained init through water into a jar, ftanding with it’s 
mouth inverted in it, without admitting any mixture of com- 
mon air, 

Fig, ¢, a phial fufficient for any purpofe that docs not re- 
quire more heat than the flame of a candle. If it is to be put 
into a crucible placed on the fire, the tube in which the-gtougd 
ftopple terminates muftbe longer, asate. A long phial, uféful 


for many purpofes, is feen at d. 6 
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Fig. 6, plate 6, a ufeful apparatus for making a quantity 
of air pals through a body of water, or any kind of fluid; the 
air enters by the tube which goes to the bottom of the veffel, 
and is delivered by that which is gnly inferted at top. Dr. 
Prieftley fays, he has frequently had occafion to ufe a number 
of thefc vellels at the fame time, that the fame air may pafs 
through them all in fucceffion. See fig. 7,plate 6. 

Vig. 8, plate 6, is Mr. Woulfe’s apparatus for diftilling 
nitre, coniifling of a retort a, an adopter 4, a receiver c with two 
orifices, one d for the dilcharge of the diftilled acid, the other 
¢ as an outlet for the fuperabundant vapour. : 

Fig. 9, plate 6, a tin veffel, inclofing another of iron wire; © 
the outer vellel is for a charcoal fire, furrounding the inner one, 
which being open at bottom will admit the upper part of a glafs | 
jar, which may be heated equally as much as the glafs will bear, 
without giving more heat than is neceflary to the lower. 

Fig. 10, plate 6, a convenient wooden frame“to fupport 
feveral glafs tubes in a bafon of water or quickfilver. 

Fig. 5, plate 6, the apparatus for impregnating: water, de- 
{cribed page 481. ; 

-Fig. 11, plate 6, an apparatus for inveftigating the force of 
fteam ; itis defcribed in the next volume, In the original arrange- 
ment of thefe Leétures, I defigned that thofe on water fhould 
have made part of this volume; but from the apamentotion 
they occafionally received, | found it neceflary to alter this 

~“part of my plan. 

Fig. 12, plate 6, reprefents an apparatus for determining 
the abfoiute gravity of the different gaffes, 

Fig. 12, plate 6, is alarge batloon, capable of holding 17 

. or 18 pints, or about halfa cubical foot, having the brafs cap 
bede ftrongly cemented to it’s neck, and to which the tube and 
ftop-cock fg is fixed by atight fcrew. This apparatus is con- 
netted by a double fcrew to the jar BC D, which muft be fome 
pirs larger in dimenfions than the balloon, This jar is open at 

‘ yp and is furnifhed with the brafs cap hi, and ftop-cock lm. | 

4 T determine the exa& capacity of the balloon by filling it 

. with water, and weighing it both full, and empty. When 
emptied of water, dry it with a cloth introduced through it’s 
neck de; the laft remains of moifture are to be removed by ex- 
haufting it once or twice by an air-pump, ~~ 

When the weight of any gas is to fe afcertained, this appa- 
ratus isto be ufed as.follows: fix the balloon A to the plate of 
an air-pump by means of the [crew of thefif&p-cock fg, which 
is left open; the balloon is to be exhaufted as completely as 

pollible, ebferving carefully. the degree of exhauftion by means 
o* the barometer: attached’ to the air-pump, When the va- 
cuum is formed, the ftop-cock fg is fhut, and the weight of the 

_. Dalloon determined.with the moft fcrupulous exaditude, It is 
—_~ then 
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then fixed to the jar BC D, which we fuppofe placed in water 
in the fhelf of the pueumato-chemical apparatus; the jar is.io 
be filled with the gas you mean toWeigh, and then by opening 
the ftop-cocks fg, andip, the gas afcends into the balloon, 
whilft the water of the ciftera-rifes at the fame time into the 
jar. To avoid very troublefome corre€tions, it is neceflary, dur- 
ing this firft part of the operation, to fink the jar in the cifterre 
till the furfaces of the water within the jar and without ex- 
ally correfpond. The ftop-cocks are again fhut, and the bal« 
- loon being unfcrewed from it’s connegtion with the jar, is to be 
carefully weighed; the difference between this weight and that 
{ the exhaufted balloon, is the precife weight of the air, or gas, 
contained.in the balloon, Multiply this weight by 1798, the 
. number of cubical inches in a cubical foot, and divide the pro- 
duét by the number of cubical inches contained in the balloon; 
the quotient is the weight of a cubical foot of the gas, or air, 
fubmitted to experiment, 
An exaét account muft be kept of the barometrical height 
and temperature of the thermometer during the experiment; a 
cubical foot is cafily correéted to the ftandard. The {mall por- 
tion of air remaining in the balloon, after forming the vacuum, 
mut likewife be attended to, which is eafily determined by the 
barometer attached to the air-pump, If that barometer, for in- 
‘fence, remains at the hundredth part of the height it ftood at 
before the vacuum was formed, we ‘conclude that one hun« 
dredth” part of the air, originally contained, remained in the 
balloon, and conlequently that only 225 of gas was introduced 
from the jar into the balloon, : 





